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IN presenting this short treatise to the public, the 
Author has had the difficulties that are presented to 
the ordinary enthusiast who desires to make wireless 
telegraphy his livelihood foremost in his mind; and 
incidentally it is hoped that readers may be able to 
gain some idea of the methods by which it is possible 
for them to gain the knowledge and standard that are 
required by the authorities for wireless telegraph 
operators without the necessity of paying large fees 
to schools. 

Readers who desire to qualify as wireless telegraph 
operators are advised to read Nos. 3, 4 and 5 of the 
S. & C. Series, and also to obtain The Official Guide 
for Wireless Telegraph Operators published by Messrs. 
Wyman and Sons, Ltd., to which considerable refer- 
ence is made. 


In conclusion, the Author desires to express his 
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appreciation of the assistance that Messrs. The 
Marconi Wireless Telegraph Co., Ltd., Messrs, Harry 
Cox, Ltd., Mr: H. W. Sullivan, and Messrsy meee 
Cossor, Ltd. have given him in providing photo- 


graphs for illustrating the work. 
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DETECTORS: 


SINCE the object of this small volume is to provide 
the intending operator with technical information set 
down in simple language and to draw his attention to 
the commonest and most up-to-date apparatus in use 
at the present day in commercial wireless stations, 
~the author has not considered it necessary to go into 
the explanation of the elementary theories which 
govern the working of wireless telegraphy, or to dis- 
cuss the experimental advantages of the “ plain spark 
station.” It will suffice, however, to state that these 
matters are adequately dealt with in Nos. 3 and 11 of 
the Series of which this volume forms No. 24. 

Aithough there are several varieties of detectors, 
they can all be classified under three headings (1) 
Coherers, (2) Magnetic, (3) Electrolytic Detectors. 

In order that the reader may more thoroughly 
understand these varieties, we will take each heading 
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individually and investigate its subdivisions, always 
using the connections given in Fig. I. 
Coherers.—The coherer type of detector is the 


Inductance 


Vie Te 


one that is most commonly known, and therefore it is 
natural that it should have the largest number of 
varieties. They vary in efficiency, and though good 
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enough to make small experiments with in order to gain 
knowledge of their general working, are not delicate 
_ enough to satisfy commercial requirements. In fitting 
up these detectors a common relay, which can be 
bought at almost any well-stocked electrician’s shop 
for anything from 3s. to 10s. 6a. will suffice to close 
-the local or decoherer circuit, though it is not deli- 
cate enough to recognise signals transmitted at any 
rateof speed. In dealing with these instruments, it is 
of no use putting in a good relay when the detector 
itself does not very readily cohere or decohere ; this 
disadvantage is due to the fact that the space between 
the filings and the aerial extension connection (part of 
the coherer) is bound to be comparatively large to 
stop natural cohesion. The instruments are made of 
a small piece of glass tube, fitted at each end witha 
cork having holes through them to admit of the ex- 
tension connections passing through ; these must be 
an easy fit so as to allow a certain amount of adjust- 
ment being made—(full instructions for making this 
form of detector are given on pages II to 19 in No. II 
of this Series) ; it isan improvement, however, to fit an 
adjusting screw to an end of the metal rods to allow 
of backward and forward movement. It is also a 
matter of interest to experiment upon the efficiency of 
various types and proportions of certain filings. The 
following mixtures will be worth trying: Iron filings 
(alone), iron and silver in equal proportions, iron and 
nickel in equal proportions, iron, silver and nickel 
mixed in equal proportions, also certain metals in the 
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form of a solid piece, such as carborundum, carbon, 
galena, silicon, etc. One of the rods should be turned 
down much thinnerat the end threaded, so that different 
forms of ends may be screwed on to meet the require- 
ments of different experiments. 

The detector of the coherer type which met with 
commercial success, and was used as the standard for 
a considerable time, was Marconi’s improved vacuum 
coherer, though this has given place for some time 
past to a more efficient type of detector also invented 
by him. 

This detector was very similar in appearance to 
that shown 1n Fig. 214, No. 3 of this Series ; the ends, 
however, were closed, the whole being sealed hermetic- 
ally leaving the contents in vacuo, the two pistons 
were of solid silver fixed at a distance of one mm. 
apart, the space in between them being filled loosely 
with an equal proportion of nickel and silver filings. 
The coherer itself was fitted in between two clamps, 
forming the aerial and earth extensions, and mounted 
with the decoherer hammer on the lid of a box con- 
taining the decoherer, relay, batteries (supplying power 
to both local circuit and automatic Morse printing 
apparatus), but, as with all forms of coherer detector, 
their range of receiving signals is small, owing to the 
large amount of power required to make the mechanical 
action of moving the filings to cohere so that to a 
very sensitive detector the signals that the coherer 
could not recognise, owing to lack of induced power, 
would still be strong signals. 
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One great advantage of the coherer type of detector 
is that it readily lends itself to admit automatic print- 
ing being inserted; because, when once cohered, it will 
close an auxiliary circuit which may deal with any 
form of power, and for this reason one sometimes 
finds it equipped asa “stand-by” for putting in circuit 
‘when the operator is unable to attend to the installa- 
tion (this is not often the case in commercial work); it 
also enables ‘the news’ which is transmitted from 
high power stations to be received without attention. 

The forms of coherer that are in use now are those 

that utilize a solid piece of metal instead of filings, but 
here again the disadvantage of a large amount of 
power being necessary is prevalent. They are to be 
found on installations where the chief part of their 
work lies in the Atlantic and Pacific Oceans, where 
atmospheric conditions are more severe. 
_ The general working of these detectors is precisely 
the same as the simple type, but their efficiency is 
much greater, enabling them to be used fairly satis- 
factorily for commercial work in certain places. 

In using these detectors it will naturally be under- 
stood that if the detector is sensitive, a sensitive relay 
must be used in order to obtain the best results ; the 
type of relay generally used is that which is especially 
constructed for the Post Office, an illustration of which 
is given in Fig, 2, Making a general revision of the 
advantages and disadvantages of the coherer type of 
detector, we may put the advantages down as being: 
(1) that it is possible to receive transmitted news 
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without attention (the transmitted news not requiring 
the operator to answer any signals, the news being 
transmitted for the benefit of all who may be able to 
hear) ; (2) the messages can be automatically printed, 
instead of having to be translated intowritten language, 
while the operator is receiving it; and one (3) which is 
most important in commercial work, where operators 
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are not necessarily very well up in general construc- 
tion work, i.e. the advantage that the detector does 
not generally give trouble, and is not likely to get out 
of order. | 

The disadvantages are: (1) that the range of re- 
ceiving messages is small in comparison to other 
forms of detectors, owing to the comparative large 
amount of power required to work them efficiently ; 
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(2) they absorb a large amount of current, conse- 
quently their cost of maintenance is heavy ; (3) the 
original cost of the apparatus itself is also heavy; (4) 
to give efficient results they must be equipped with 
sensitive auxiliary apparatus, such as relays and 
decoherers, which .wgain runs the initial cost of the 
equipment still higher. It therefore follows that this 
type of detector is only met with in cases where 
atmospheric conditions do not admit of a magnetic 
detector being used with advantage. 

Another point which has to receive consideration 
is, that one of the rules imposed by the International 
Wireless Telegraph Bureau is that operators shall not 
- use more power to transmit messages than is absolutely 
necessary ; therefore, the amount of power required 
to transmit a message to a station fitted with a co- 
herer type of receiver is considerably more than that 
_ required to send to a station at a similar distance 
which is fitted with a more sensitive detector ; this 
results in the possibility of other stations being 
“jammed” by the message; under these circumstances 
it follows that public opinion (from the wireless 
engineer’s point of view) practically excludes the use 
of the coherer type of detector, except under special 
circumstances. 

‘ Magnetie Detectors.—Under this heading are 
found those detectors which are in common use in 
most commercial stations, and, as stated before, the 
type which is most commonly known and used is one 
brought out by Marconi. This detector is very nearly 
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related to the coherer type so far as working is con- 
cerned, because its action in recognising an oscillation 
is the drawing of a Magnet armature to the magnet 
itself; this, looked at from a theoretical and analytical 
point of view, is a mechanical] action similar to the 
moving of filings as in the coherer type. Although the 
ribbon magnetic detector has a similar action to a 
coherer it is very much more sensitive, and while 
holding the same advantages as the coherer type, 
excepting that it does not readily admit of automatic 
printing being inserted, it has another advantage, i.e, 
it does not require a decoherer, This same additional] 
advantage is claimed for al] types of magnetic and 
electrolytic detectors, Fig. 3 gives an illustration of 
the Marconi Ribbon Magnetic Detector as supplied 
by the Marconi Company to a large number of their 
stations, and used by the Post Office on most of their 
land stations. 

_ There are numerous types of magnetic detectors, 
but they are all based upon the same theory, which, 
for the present, may be put in general terms, the 
theory being that the aerial is connected through 
condensers to a piece of metal making a very light 
contact between another substance of rough texture, 
making a very high resistance ; when a synchronised 
oscillation passes through the detector, the induced 
effect is to make part of the aerial extension cohere 
with the molecule or molecules of the rough texture 
substance which it touches very lightly ; the fact of 
the resistance being very high proves that when the 
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oscillation passes, the induced effect reduces the re- 
sistance and therefore allows cohesion, but immedi- 
ately the oscillation ceases, the induced effect ceases 
also, and therefore the resistance is again raised to its 
normal condition ; this type of detector is therefore 
self-decohering. The theory that the induced effect, 
when the oscillation passes, reduces the resistance, and 
therefore allows a slightly larger current to pass owing 
to cohesion, may be seen by a practical experiment. 

Fit up a receiving apparatus with the connections 
as shown in Fig. I, using a magnetic detector as 
shown in Fig..3, and in the local circuit place a 
milli-ammeter; when signals are received it will be 
noticed that the current passing round the local 
circuit increases by approximately one hundredth of 
a milli-ampere. It will also be found that the best 
results are obtained when the local current takes a 
current of between -o'1 and 0°25 of a milli-ampere, 
This experiment, in addition to proving the theory 
for which it was suggested, also gives a practical ex- 
ample of the very small cost of maintenance of this 
type of detector. 

Turning to Fig. 4, A is a carbon block fitted 
with a terminal, and an insulating piece of material 
such as vulcanite, B, rigidly fixed to it ; this insulating 
rod is fitted at the top with a piece of thin brass rod 
fixed by a terminal screwed into the vulcanite rod 
B; at the end of the brass plate is sweated a thin 
copper wire, at the end of which are fixed three steel 
needles taking the form of a tripod. To fit this 
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apparatus in the receiving set, connect the brass plate 
terminal to aerial and the carbon terminal to earth, 
placing condensers in between. 

Although extremely sensitive, these detectors have 
a great disadvantage in that they will not work satis- 
factorily in any place where there is the slightest 
vibration, the action being to make unnatural cohesions, 
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which of course will make it extremely difficult for 
the operator to receive the transmitted signals. 

Before leaving magnetic detectors, it is an interest- 
ing study to make some experiments using single and. 
double metal coherers as magnetic detectors without 
putting in a decoherer, by closing the two metals up 
till they touch very lightly ; it is sometimes a useful 
addition to insert a very large resistance, such as 


1,000,000 ohms. 
Bez 
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One important point to be considered in making 
experiments with magnetic and electrolytic detectors 
is, that it is absolutely necessary to use high resist- 
ance telephones, because the internal resistance of 
the detector is so high that a set of telephones that 
is only wound with the usual resistance is not deli- 
cate enough to recognise the alteration of the current 
passing, which only varies by approximately 0°2 of a 
milli-ampere. 

An additional safeguard, which is found in certain 
high resistance telephones and not in any of the 
ordinary type, is that these are fitted with an auto- 
matic safety high frequency spark-arrester ; this im- 
provement is fitted because lightning is a high 
frequency current, and in the event of a lightning 
discharge striking the aerial, the resistance in the 
receiving and transmitting apparatus being sufficiently 
high to preclude the possibility of its making a safe 
discharge to earth through the instruments, its action 
will be to make a secondary discharge through that 
part of the apparatus which offers the least resistance 
to earth, that is from the telephone bobbin winding to 
the diaphram and thence via the operator to earth. 
Fig. 5 is a photograph of one of the watch receivers, 
with the diaphram removed, showing the automatic 
high frequency spark-arrester. These telephones are 
of the double headgear type, having two bobbins in 
each receiver, the four being wound in series, giving a 
total resistance of 8000 ohms. 

A word of advice may be given to any reader who 
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makes a hobby of manufacturing his own apparatus, 
i.e., have your high resistance telephones made by a 
firm who specialise in this particular form of work, for 
their construction is of such an extremely delicate 


Fic. 5.—HIGH RESISTANCE TELEPHONES. WATCH RECEIVER 
WITH DIAPHRAGM REMOVED SHOWING HIGH FREQUENCY 
SPARK-ARRESTER. 


nature that amateur efforts are rarely rewarded with 
successful working. | 

Electrolytic Detectors.—This class, as in mag- 
‘netic detectors, is based upon the same theory for all 
types, the difference being chiefly in the metals used 
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for the receptacle and the point ; the original idea is 
due to De Forest. Speaking generally, the construc- 
tion is a very fine piece of platinum wire, 1 mil. dia- 
meter, fused through glass and ground down to give 
only the sectional area of the platinum, the glass acting 
as an insulator. 

The general theory of the working of this detector 
is, that sufficient current is allowed to pass round 
the local circuit, to allow very slight action to take 
place between the platinum point and the metal re- 
ceptacle—dilute sulphuric acid as the chemical agent. 

The important point in this detector is to have as 
small a section of platinum exposed to the action of 
the acid as possible, so that the resistance may be 
extremely high, then, by allowing a small current to 
pass through the detector by means of the local circuit, 
a very slight alteration in current, as the result of in- 
duction passing through the aerial to earth, will be 
recognised by the telephones. 

One great disadvantage in this type of detector is, 
that the signals are apt to become weak as the result 
of local polarisation round the point, which de- 
creases the internal resistance and therefore the 
sensitiveness ; but this difficulty can be disposed of 
by fitting a depolarising apparatus, which takes the 
form of a mechanical vibrator, which vibrates the point 
and therefore moves the molecules of sulphuric acid, 
resulting in the polarised portion of the acid mixing 
with the unpolarised ; this additional piece of appa- 
ratus also adds to the life of the point, since the silver 
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is kept from depositing itself on the section of the 
platinum point. Thistype of detector can easily be 
used in commercial stations, though it is not popular 
at the present time, which is probably due to the fact 
that the points require very careful construction, and 
their efficiency depends largely upon the way in 
‘ which they are ground down after being fused through 
the glass, and commercial undertakings do not feel 
disposed to place the efficiency of the receiving part 
of the apparatus in the hands of one of their 
operators in making points ; in addition to the great 
Care required in their construction, they have to 
be extremely carefully packed, owing to their very 
fragile nature. With magnetic and electrolytic de- 
tectors, a bell with connections taken from the trem- 
bler to the aerial and the return battery connection to 
earth, good signals can be received over short distances 
for testing purposes, but with coherers a strong 
transmitting power is always necessary. 
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IT will be remembered that in the preceding chapter, 
mention was made that the power used for trans- 
mitting purposes is bound to be as small as possible ; 
in our transmitting apparatus, it will therefore be 
necessary for us to have some means of regulating the 
amount of current that flows through these instru- 
ments. 

Readers will not have failed to notice the fact that 
in every book written upon the subject of wireless 
telegraphy, the induction-coil is always the apparatus 
used for transmitting purposes, other instruments being 
seldom mentioned. In this chapter the attention of 
readers will be drawn to certain parts of the induction- 
coil, and other forms of transmitting apparatus that 
are commonly found in commercial wireless stations, 
but space will not allow for any constructional details, 
which readers will find fully dealt with in Nos. 4, 5 
and 11 of the S. and C. Series. 

Since the majority of readers have probably not 
had the opportunity of using a large induction-coil, it 
will be of value to make some remarks upon the con- 
struction of hammer-breakers, which is the part of the 
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instrument by which the current that passes through 
the coil is regulated. Fig. 6 shows an illustration of 
the break which is commonly fitted to coils of large 
power; turning to the figure, the tension-screw B 
puts pressure on the hammer spring D, pulling it 
back to the contact-screw C. If the tension-screw 
.is turned back to the right, the tension on the hammer 
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spring D will be released, and allows the hammer J 
to vibrate freely between the core P and the contact- 
screw end; then, by turning the contact-screw C, 
the distance through which the hammer can vibrate is 
adjusted to what is required, when a long distance will 
cause a Slow vibration, and a short distance a fast one ; 
M is the lock-nut, to keep the contact-screw in place. 
Having seen how the speed of vibration may be 


adjusted, we now investigate the method of regulating 
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the current. When the contact-screw and the hammer 
are touching, the primary circuit is closed, allowing the 
battery current to pass round the iron core through 
the primary winding, thereby magnetising the core, 


whose action will be to attract the hammer. If there. 


is a considerable resistance made in the hammer by 
the force of a spring holding it back, it follows that it 
will require a larger current or a more powerful magnet 
to attract it, whereas if the resistance made by the 
spring holding the hammer back is small, then it will 
not require so much current to attract the hammer 
and therefore break the circuit. It therefore follows 
that if the tension on the spring of the hammer is 
small, the current passing round the primary will also 
be small, and if the tension on the hammer-spring is 
creat, the primary current will also be great ; the same 
action will take place whatever the distance of vibration 
may be between the contact-screw and the hammer. 
It is therefore possible with this break to adjust the 
speed of vibration, and.also the amount of current 
passing round the primary. It also follows that, owing 
to the length of the tension-screw being comparatively 
large and the spring itself being thick, the speed at 
which the hammer will be able to vibrate, even at its 
shortest distance, will be slow in comparison to the 
speed of the break of smaller coils where the length 
and thickness of the hammer-spring are smaller.* 

* Readers will also understand that a fast break is preferable to a 
slow one, because though the speed of vibration is immaterial when 
using coherer detectors, their speed of vibration depending upon the 


speed of the decoherer, in magnetic and electrolytic detectors however 
the speed is the same as that transmitted. 
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Fig. 7 is an illustration of Messrs. Cox*and; Co.'s 
latest high speed platinum break for fitting to heavy 
discharge coils, which is the type of coil that we have 


ay YN YY" 


: — E 
| 


Fic. 7.—Cox AND Co.’s PATENT HIGH SPEED PLATINUM 
HAMMER INTERRUPTER. 


to deal with when discussing the transmitting part of 
a wireless station. 

_ since this break is at present not commonly known, 
for the sake of explanation it will be as well to com- 
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pare its parts to those fitted generally on coils, be- 
cause the reader will be more conversant with their 
use, and thereby gain a clearer understanding of the 
type about to be explained. 

The hammer A, which in this type is termed the 
armature, is mounted on a small piece of spring steel, 
which is crossed by the line indicating the position of 
Y in the figure, it being securely fastened to the 
bottom bracket which holds the tension-screw M. 
This piece of spring gives the armature the vibratory 
movement, the top of it having a slot cut in the end to 
allow it to vibrate freely, through the screw of which 
the nut N forms an adjusting stop. The armature 
itself is fitted so that its bottom side rests ona fulcrum, 
in order that its movement across to the base may put 
tension on the small piece of spring steel at the bottom ; 
it therefore follows that if the adjusting-screw Y is 
turned to the right or tightened, the result will be to 
pull the armature back on to the nut N. The next 
point for consideration is the method by which contact 
is made between the inner or vibrating platinum point ; 
the rocker arm U, into which is screwed the platinum 
point at the top, is mounted ina bearing visible just 
over the top over the nut Y and provided with an 
extension fitted with slots so that the armature’s action 
when vibrating may carry the rocker arm with it, and 
thus break the contact between the two platinum 
points ; we therefore see that, by adjusting the screws 
Y we put the correct mechanical tension on the 
armature according to its vibrating distance, regulated 
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by the nut N, and by turning the screw M we 
regulate the amount of resisting force required to be 
overcome by the armature to break the contact 
between the two platinum points, or in other words the 
amount of current passing through the primary coil. 
The screw C is the one to which the battery lead is 
connected, being fitted with the other platinum point, 
and is kept in its place by the lock-nut L. Although 
this type of break is more complicated than the one 
shown in Fig, 6, it enables the hammer and spring to 
be divided and relieved of considerable weight, thereby 
enabling the hammer or armature vibration to be 
increased to a very high speed. 

We shall consider the value of make and break 
speeds in a later chapter, but it may be mentioned 
that the speed of the ordinary hammer break has a 
maximum of about 500 per second, while the high 
speed interrupter increases this maximum to about 
- 12CO per second. 

Where the ordinary platinum break has its disad- 
vantage, is that it is difficult to obtain the necessary 
speed of interruptions to give a musical note, which 
is always desirable where possible, while at the same 
time allowing the current to pass round the primary 
to allow it to magnetise the armature sufficiently to 
attract the hammer and cause the break. 

As has been mentioned before, the chief reason 
for using an induction-coil for transmitting signals in 
wireless communication, is to obtain an alternating 
current at a very high pressure from a supply that is 
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easy tocarry about and handle; but for stations where 
there is not a likelihood of a current of high pressure 
losing a large proportion of its capacity by leakage 
to earth, it is far more convenient and less expensive 
to dispose of the induction-coil, which is a very expen- 
sive piece of apparatus, especially when it has to deal 
with currents of large capacity, and instal in its stead 
an alternating current generating plant, or make use 
of a main supply by means of suitable rotary con- 
verters, 

If alternating current generating plant is installed, 
it offers a much greater scope for obtaining a musical 
note, which, as mentioned before, is the desire of 
all operators; this type of primary supply is much 
simpler to deal with in making and breaking the 
primary circuit (not the induction-coil), enabling long 
and short signals to be sent. 

Before discussing the various apparatus used for 
absorbing or breaking a primary arc, we will''go into 
the theory and working of obtaining our induced or 
oscillatory current by means of generated alternating 
current. 

From the explanations given with regard to in- 
duction-coils, we note that the secondary current, 
which is the one we use for radiating the oscillations, 
is an alternating current. The only type of alterna- 
ting current that can give satisfactory results is single 
phase, owing to the fact that when the primary circuit 
is closed the current passes round the primary winding 
in a certain direction, thereby inducing a secondary 
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current in one direction, but immediately the primary 
circuit is broken by the platinum points, this same 
current rushes to the condenser and instantaneously 
passes round the primary winding in exactly the oppo- 
site direction, which action, if shown graphically, is a 
simple alternating current, commonly termed single 
phase. In substituting an alternating current gene- 
rator, we therefore deal only with the single phase 
type. 

The type of complete alternating current gene- 
rating plant that is generally installed in wireless 
stations of small range is usually the Crypto alterna- 
ting current generating set. These plants consist of 
a small gas engine or petrol motor, driving an alter- 
nator and direct current generator coupled on one 
shaft ; the object of the design being to enable the 
plant to be run continuously for charging a small set 
of accumulators which are used for light load time, 
when the accumulators are made to run the direct 
current machine as a motor to drive the alternator, 
exciting being done by a tapping from the accumu- 
lators. 

This type of generator set is suitable for stations 
of ranges from about 30 miles to 100 miles radius 
situated on land; for installations fitted on vessels, 
where they invariably have electric light and therefore 
a reasonable supply of power, rotary converters are 
fitted to generate the required alternating current ; 
and finally, in high power stations such as trans- 
Atlantic work, large steam or gas driven plants are kept 
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working during the period allowed for high power 
transmission. 

In all stations fitted with alternating current supply 
for transmitting purposes, the apparatus used for 
obtaining the exceptionally high pressure and syn- 
tonised oscillation is practically the same, and there- 
fore the one description will suffice for all. 

Fig. 8 shows a diagram of the apparatus and 
connections that are commonly used, where we take 
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A as representing either an alternator or rotary 
converter. 

From A we take both leads to the primary ter- 
minals of a single phase alternating current step-up 
transformer B, the secondary terminals of which are 
taken to the primary terminals of an air-core trans- 
former C, having one lead discharging through a 
plate-glass condenser E, and a spark gap shunted 
across both leads before the plate-glass condenser, as 
shown at D; the secondary terminals of the air-core 
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transformer C may be taken to aerial and earth, or 
passed through a second air-core transformer, with a 
shunted spark gap through a plate-glass condenser F, 
similar to that just explained, and then connected to 
pciiamecmeanc cartheti, “Phe resistances .J° and -K 
and switches L and M are placed in the primary 
circuit of the alternating current transformer, but their 
functions will be explained under Wireless Station 
Equipment, Chapter IV., and the use of air-core trans- 
formers under Tuning, Chapter ITI. 

It must be remembered that both transmitting 
and receiving parts of the installation have to be 
equipped with safety devices, to prevent damage both 
to the operator and instruments ; and, since these are 
numerous and difficult to classify, they are explained 
under a separate heading in preference to taking them 
together with the apparatus in which or with which 
they are concerned. 
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THE word “tuning,” as used in speaking about wireless 
apparatus, is really taken from the science of sound, on 
the grounds that the wave oscillation created by elec- 
trical induction closely resembles the wave or oscilla- 
tion created by a sound ; itis also an assistance to the 
student of wireless telegraphy, because “ the tuning” 
concerns the length of the wave transmitted, and, to 
thoroughly grasp this, it is very helpful to compare 
our induced waves with those created by a musical 
note. 

Taking the example of a wave caused by a musical 
note, we can follow its character by showing it graphic- 
ally, and making certain calculations from data that 
would be given. 

Imagine a string stretched between two fixed 
points A and B, in such a way as to give a note 
when “plucked”; if we notice the action of the string 
immediately after being plucked, we see that it moves 
from one side of the central line to the same position 
on the other ; it also follows that if it were possible to 
have a small piece of lead securely fastened to the 
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string in the middle, and during the time of vibration 
a piece of paper kept moving in the line parallel to the 
centre line, allowing the lead to press lightly on it, a 
‘“oraph” of the wave would be drawn. It will also be 
remembered from the science of Mechanics that the 
length of the wave will not alter, but the density or 
~ height from the centre line to the wave crest will vary 
in proportion to the density of sound ; thus, to increase 
the wave length, the pitch must be lowered in order to 
obtain a fewer number of vibrations per second, and to 
lower the wave-length, the pitch must also be raised 
to increase the vibrations per second. 

Reverting to electrical currents, we know that an 
alternating current is a series of waves or oscillations 
which if shown graphically is very similar to those 
of sound waves, the central line representing the 
_ neutral or zero potential line, which each wave crosses ; 

secondly, for transmission work we only use single 
phase currents, as stated in Chapter II. 

The next step is to investigate the meaning of 
wave-length, when talking about electric currents, and 
as an example, we take the single phase wave as being 
the one which requires our chief attention. 

In the first instance, the wave of an alternating 
current refers to the frequency or periodicity of that 
current ; this being an expression that will be familiar 
to most readers, on account of the fact that the period- 
icity of the current is usually required by a firm 
when an order is given for any instrument required 
for a circuit, when information such as 200 volt 50 
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cycles would be given. Now how is the number of 
cycles or periods obtained? The answer will be 
easily arrived at, if we follow out the theory of gene- 
ration of alternating current. 

Since current flows round the field magnets, sup- 
plied by a direct current machine, it follows that the 
fields are permanent magnets so long as the direct 
current is supplied, but immediately the direct current 
supply is broken, the alternating current ceases to be 
generated ; this point should be clearly understood, 
since it forms an important part of some systems of 
transmission, as will be explained in Chapter VII. 

By the theory that lines of force when cutting one 
another generate an electric current, it will be easily 
understood that when the lines of force radiating out 
from the rotor winding cut those radiating from the 
field magnets, an electric current is generated-—but 
of what kind? ‘Taking one brush, the polarity of the 
current will be either positive or negative, and which- 
ever it is the polarity of the other brush will be the 
opposite to that of the first brush, because the two 
brushes are the ends of the single wire which form 
the winding. Further, the field magnets are set in pairs 
exactly opposite one another, one magnet being posi- 
tive, the other negative ; it therefore follows that the 
current of the rotor winding will be of opposite polarity 
to the magnet which induces it. The net result of one 
complete revolution of the rotor will then be as 
follows, making a start at the point on the neutral 
line, taking it for granted that the generator has only 
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two field magnet poles and a single armature winding : 
if we consider the pole pieces to be located at the 
top and bottom of the field magnet casting—the 
central line running horizontal, a line drawn through 
the middle of the two pole pieces, and commencing 
the revolution with the armature winding on the 
. horizontal neutral line—we shall notice that one half 
revolution brings that part of the armature winding 
which we are considering to a similar position on the 
other side of the neutral line, during the course of 
changing it has come under the close influence of one 
of the field magnets, resulting in a maximum rise of 
potential in the armature winding on either + or — 
side, according to the polarity of the field magnets ; 
the second half revolution brings about exactly the 
the same change, only the maximum potential in the 
armature rising to the opposite polarity to that in the 
first half. It therefore follows that such a machine 
‘gives one complete wave per revolution; if the pole 
pieces are doubled, it gives two complete waves per 
revolution, and if the pole pieces as well as the arma- 
ture windings are doubled it gives four complete waves 
per revolution, and so on. Having grasped the theory 
of frequency, we proceed to investigate how the wave- 
lengths may be calculated, the transmission of signals 
in wireless work being spoken of as a wave-length 
given in metres or feet. 

It has been found by Dr. Fleming that if an elec- 
trical capacity is discharged into the air by means of 
a vertical wire insulated from earth, the current in the 
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wire will oscillate, giving a wave-length of approxi- 
mately four times the length of the wire; thus, an aerial 
of a height of 75 feet would give a wave-length of 
approximately 300 feet. This oscillation has what is 
termed a radiating capacity, which is capable of induc- 
ing a similar oscillation in other aerials with which it 
comes in contact ; it therefore follows that if a discharge 
from an induction-coil is passed through it, the oscilla- 
tion will be received by other aerials and recognised 
by detectors having no additional tuning apparatus, 
because the receiving aerial will have a similar oscilla- 
tion induced in it by the action of the transmitted 
oscillation striking it. Under these circumstances, 
although the oscillation has a tuning or wave-length, 
the signals are heard or detected by all‘ plain aerials,” 
on account of the property of being able to have any 
plain oscillation induced in them by a passing wave ; 
it therefore follows that if the signals transmitted are 
only wanted to be received by the aerial for which it 
is intended, and not heard by all within its range, it is 
necessary to make some addition which will take the 
form of a non-inductive character, and by a combina- 
tion of the two to obtain a radiating non-inductive 
oscillation, an example of which may be taken from a 
musical note. 

Since the aerial and induction-coil oscillations are 
both radiating inductive oscillations, it does not matter 
how long the oscillation is, because it will induce a 
similar oscillation in any aerial; but if we couple a 
capacity of non-inductive oscillations to it, then, 
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although the radiating oscillations may be recognised, 
the signal itself will not be heard, because the non- 
inductive oscillation will not respond. The point for 
our consideration at present is how to obtain the non- 
inductive oscillation, and to see how that can be varied 
without a great deal of manual complication to enable 
the operator to alter his tuning according to circum- 
stances required. We therefore again turn to indi- 
vidual instruments, and follow out their theory and 
working. 

Taking first the tuning part of the larger transmit- 
ting power stations which are supplied by generated 
alternating current, we shall find the theory of tuning 
simpler, because the theory and working of an alter- 
nator is more commonly understood than that of an 
induction-coil. 

Going into the construction of an ordinary trans- 
former, we note that the primary is invariably placed 
inside the secondary, ie. in a step-up transformer ; 
secondly, if we place a galvanometer circuit in close 
proximity, a discharge from the transformer will affect 
the outside circuit: this is an example of radiating 
inductive oscillations. 

Now we know that a helix, or coil of wire wound 
in the form of acorkscrew, has the property of becom- 
ing a magnet during the passing of a current, as also 
has every wire through which a current passes ; now 
suppose we construct a helix, and make a discharge 
through it by means of a Leyden Jar, which is a 
condenser, we shall note that the oscillations do 
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not affect an outside galvanometer circuit, but these 
same oscillations will affect an outside galvanometer 
circuit if the galvanometer be placed in the circuit of 
a Leyden jar and helix coil similar to those used for 
transmitting: this is an example of radiating non- 
inductive oscillations. . 

To enable us, therefore, to obtain a set or train of 
oscillations that will only be recognised by an aerial 
that is similarly tuned, we must transmit oscillations 
that have both radiating inductive and radiating non- 
inductive oscillations. 

Turning to the transformer, again, we see from the 
above experiments that the ordinary transformer gives 
radiating inductive oscillations; the ordinary trans- 
former, therefore, shown in Fig. 8 at B, provides the 
radiating inductive part of the oscillation. 

Going back again to the helix coil experiment, and 
comparing it to an air transformer, we can make the 
following experiment to prove that an air cére trans- 
former gives a non-inductive osciilation. 

Make a helix coil of large diameter, and insert in it 
a similar helix coil of smaller diameter ; this apparatus 
is similar to an air-core transformer ; now discharge a 
Leyden jar through the apparatus just described, we 
shall note that the galvanometer is in no way effected, 
proving that the oscillations are in no way inductive. 
Now try the same experiment, connecting the galvano- 
meter in circuit with a smaller helix as the transmit- 
ting apparatus, and we shall find that the galvanometer 
is affected, proving that the oscillations are non-induc- 
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tive, but that these same oscillations will be fermed 
by oscillations that are precisely similar in the same 
way that a middle C piano note will cause a similar 
middle C to vibrate owing to its oscillations being 
precisely similar. 

From the above experiments, we can see that the 
ordinary transformer gives the radiating inductive 
oscillations, and the air-core transformer the radiating 
non-inductive oscillations; thus, when connections are 
taken from the two connections of the outer coil of the 
helix and connected to aerial and: earth, the non- 
inductive oscillations will charge the aerial as well as 
passing to earth, and the inductive oscillations, which 
cause the non-inductive cscillations in the air-core 
transformer, also assist to charge the aerial and pass 
to earth by means of the helix, on account of the fact 
that the whole of the oscillation is not required to 
form the non-inductive oscillation. 

We now consider the relation of the ordinary 
transformer to the air-core transformers, and the use 
of the spark gaps and plate-glass condenser, as shown 
in Fig. 8, and see how their combination form an 
apparatus by which it is possible to obtain a variable 
frequency or tuning. 

The current from the alternator A, by passing 
round the primary of the ordinary transformer B, 
induces a current in its secondary ; this current cannot 
pass through the primary of the air-core transformer 
C until it has charged the plate-glass condenser E, 
when its potential will be sufficient to break down 
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the resistance of air in the spark gap D and arc 
across, thereby creating a non-inductive oscillation, 
since to do so it passes through the primary of the 
air-core transformer C charging the plate-glass con- 
denser E, which is similar to a Leyden jar, the air- 
core transformer being similar to the double helix 
apparatus mentioned on page 39. We now see that 
the oscillation given by the secondary terminals of the 
air-core transformer C takes the form of the combina- 
tion mentioned ; for this reason, we are able to say 
that the secondary terminals of the air-core trans- 
former C may be connected to aerial and earth ; at 
the same time pointing out that they may also, if 
necessary, be connected through another plate-glass 
condenser and air-core transformer—so that it may be 
possible to obtain a higher frequency or wave-length 
if necessary, the method by which two or three 
wave-lengths may be discharged into the aerial being 
explained later. 

Making a summary, therefore, we note that the 
function of the intermediate spark gaps and plate- 
glass condensers is to enable the circuit forming the 
primary of the transformer in question to obtain a 
sufficiently high potential to charge the condenser, 
and thus transform the oscillation into a non-inductive 
one; if it were necessary to obtain a still higher 
frequency than that given by the two air-core trans- 
formers, we should repeat the apparatus and connec- 
tions already shown in air-core transformers and plate- 
glass condensers, each being provided with a shunted 
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spark gap. We also see that the oscillation thus 
obtained is not easily variable, and therefore these 
connections are to be treated as the apparatus and 
connections necessary to obtain the necessary wave- 
length for the transmitting part of the installation 
The apparatus for obtaining the receiving tuning, will 
_be treated with after the tuning of the transmitting 
part of an installation fitted with induction coil trans- 
mitting has been explained. 

Since the current from the secondary of an induc- 
ticn-coil is similar to that given from the secondary 
terminals of an ordinary single phase alternating- 
current transformer, by referring to Fig. 8 we see 
that the next thing we come to is the plate-glass con- 
denser with the spark gap shunted, and then the air- 
core transformer. Now, in considering the tuning of 
an installation that is fitted with an induction-coil 
instead of a generated alternating current supply, we 
have to investigate the method of obtaining the non- 
inductive oscillations after the current leaves the 
induction-coil (which is similar to the ordinary trans- 
former in the alternating current supplied transmitting 
station) and follow out how the non-inductive oscilla- 
tions are produced if we do not make use of the 
general air-core tranformer, the theory of which has 
just been explained. 

To begin with, a Leyden jar is similar to a plate- 
glass condenser, so that, for the sake of convenience, 
we will use Leyden jars in place of the plate-glass con- 
denser, the spark gap being the same in both cases; it 
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being understood that the secondary current of the 
condenser is not discharged across the gap usually 
provided ona coil, as is the case in most elementary 
induction-coil experiments. 

Having so far provided ourselves with the same 
apparatus in both cases, or apparatus that gives the 
same result, it remains for us tosee how we can obtain 
an air-core transformer taking the form of a simple 
helix coil, the reason being that it is cheaper to instal 
apparatus that is made for general purposes, and is 
therefore manufactured for other purposes beyond the 
use in a wireless installation ; and it ison this account 
that we use an ordinary plain helix coil fitted with 
condensers in the form of Leyden jars, which are to 
be found in the medical high frequency apparatus as 
illustrated in Fig. 9. 

The fact that the secondary current is discharged 
through the Leyden jars, transforms the oscillation into 
a non-inductive kind, and therefore any addition that 
is made to its capacity, by way of making it induce 
further oscillations in its circuit before being discharged 
into the air, is only necessary to allow the jar dis- 
charge to induce oscillations and not make absolute 
transformations, as in the case of an air-core trans- 
former. This is necessary when using generated 
alternating current, where the frequency is naturally 
very low. 

We may therefore take it that the secondary 
current of an induction coil, being in itself very high, 
only requires the making of non-inductive oscillations 
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to form the combination we require, and these can 
really be done by making the secondary induction-coil 
current discharge through Leyden jars, though we add 


FIG, 9.—PORTABLE HIGH FREQUENCY SET. 


a helix coil in order to be able to add to the capacity 
of the oscillations when it is required. 


Having grasped this much, we now are able to 
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follow out how it is possible to obtain a variable tuning, 
consisting of a combination of radiating inductive and 
non-inductive oscillations, in installations that are 
equipped with either a generated alternating current 
or an induction-coil, which we use to transform the 
small power of stored direct current into an alternating 
current of high pressure and frequency. We now go 
on and investigate the connections and absolute appa- 


ratus that is used in a station equipped with induction- 


coil transmitting apparatus, the connection, of which are 
shown in Fig. 10, and finally consider the receiving 
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tuning apparatus and connections, which are the same 
for a station fitted with either type of transmitting 
apparatus. 

Turning to Fig. 10, A are the primary leads to 
the induction-coil, having the transmitting key or 
circuit-breaker (not to be confused with the contact- 
breaker, part of the induction-coil) placed in series. 
C represents the induction-coil, of which B are the 
leads from the secondary terminals (one of these leads 
is taken to a plate-glass condenser or set of Leyden 
jars connected together either in series or parallel, it 
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matters not which) the connections having a spark gap 
S shunted before coming to the condenser; the con- 
nections from the shunted spark gap and the other 
side of the condenser D are taken, one to earth H, 
Phemorber. to, the helix coil Fy.a sliding contact» E 
connecting the helix to the aerial. 

Before going on to consider the apparatus for ob- 
taining a variable tuning for the receiving part of the 
installation, a very important point must be strongly 
impressed upon the reader; namely, that with all 
transformers the nearer to the centre the final connec- 
tions are made to the special piece of apparatus that 
it is to affect, the smaller is the net result obtained 
from the original pressure, viz., if you supply the 
secondary terminals of a transformer with a voltage of 
200, the net result of the pressure at the leads from 
the primary will be considerably less, but that, on the 
other hand, if you supply the primary with a pressure 
of 200 volts, the net result at the terminals of the 
secondary will be very much higher. Thesame theory 
holds good, when considering helix coils wound in 
series with condensers, te., that if a certain frequency 
is supplied to Leyden jars which is discharged into a 
helix coil, the net result will be a higher frequency ; 
but if you reverse the direction, and supply the helix 
with the original frequency, the net result after the 
oscillations have charged the Leyden jars will bea 
much lower frequency. 

On account of the above theories, it will naturally 
be understood that it is impossible for the same tuning 
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apparatus that is used for the transmitting oscillations 
to be used for the receiving waves, since the direction 
is reversed; or, in other words, the oscillation trans- 
mitted by a certain helix and condensers will be of a 
certain wave-length or frequency, and this frequency 
will be recognised by a suitably tuned aerial installed 
elsewhere. Suppose then that our transmitting oscilla- 
tion has a frequency of X, and taking it for granted 
that the ratio of induction is 7: 1, the receiving tuning 
of our aerial, which we will imagine transmits at 
200 metres, will receive at 243; in order, therefore, to 
recognise the answer to our transmitted signals, we 
must have facilities of adding non-inductive oscillation 
capacity to our aerial on the receiving side; this is 
done by means of a variable condenser and an induc- 
tance. 

Now, before going further, let us imagine that we 
use the helix coil in the receiving circuit. What effect 
willit have on the oscillation? It will make practically 
no difference, on account of the fact that the chief 
part of the oscillations that strike the aerial are non- 
inductive, and consequently the helix will only make a 
small additional length to the aerial, thus adding to 
the inductive oscillation in the aerial a wave-length 
equal to about four times the length of wire in the 
helix ; and since the inductive oscillation is not im- 
portant, there is no urgent necessity to use the helix 
in the receiving circuit at all. - We? thereforemiass 
an entirely different set of apparatus for the receiving 
connections, which we now proceed to explain, taking 
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it for granted that the reader understands that the 
connections are shown to have just passed through a 
two-way change-over switch. 

Examples of Marconi’s system of early syntonised 
circuits, and the apparatus needed for their working, 
are fully dealt with in Nos. 3, 5 and 11 of this Series ; 
_it is therefore unnecessary to repeat them in this 
book. 

The reader will have grasped the fact that non- 
inductive oscillations are altered in capacity by dis- 
charging them through an ordinary condenser; it 
therefore follows that if an aerial is made to oscillate 
by the radiating inductive composition of the trans- 
mitted signal, then the non-inductive part of the oscil- 
lation will respond, provided the capacity in condenser 
power is exactly what is required; therefore, if we 
have an ordinary fixed aerial to take the radiating 
inductive oscillation, and discharge this through a 
series of condensers, we shall eventually obtain the re- 
quired non-inductive oscillation by means of the con- 
denser capacity being slowly added to. 

As mentioned before, if we discharge an induc- 
tive oscillation through a condenser the oscillation 
becomes non-inductive, but increases the frequency ; 
on the other hand, if we discharge a non-inductive 
oscillation ‘through a condenser, or, rather, provide a 
condenser which will oscillate to a non-inductive oscil- 
lation, we can adjust the frequency of the condenser 
by placing an inductance or coil of wire to which a 
contact can be made at any point ; we can adjust the 
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total frequency so finely, that providing the total con- 
denser capacity is above the frequency required, we 
are able to let down the frequency by putting on a 
part of the inductance. 

Turning to Fig. 11, A represents the lead from 
the aerial side of a two-way change-over switch, the 
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lead coming from the receiving side ; the lead is first 
taken to a sliding contact on the helix, shown at B, 
or direct to a set of variable condensers wired in series 
at D; the helix of the transmitting side is left in cir- 
cuit, because, in some designs of apparatus, it is more 
convenient to leave it so; from the condensers D the 
oscillation is let to the top of the detector E, having 
the local circuit put in as explained in the Chapter on 
Detectors, the connections of which are shown through 
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the instruments battery K, potentiometer L, and high 
resistance telephones M; after the oscillation has — 
_ passed through the detector it is taken through a 
small fixed condenser F to earth; after passing 
through the fixed condenser (F) the oscillation is 
taken direct to earth by being connected to the earth 
side of the receiving end of the change over switch ; 
from the aerial A a tapping is taken at N, and passed 
through a similar condenser to D, which are usually 
coupled, shown at G, and from there through a 
variable inductance (H) to earth, by the same way 
that the aerial is taken to earth. 

Now it follows that the radiating inductive oscil- 
lation will induce a similar oscillation in the receiving 
aerial, which continues to have the inductive property 
till it meets with the condensers D or G, when its 
action will be to form a non-inductive oscillation, but, 
unless the capacity of the condensers D and G have 
exactly that capacity for responding to the oscillation 
which the inductive oscillation desires to make, since 
the part of the transmitted oscillation is non-inductive, 
the signal will not be recognised ; it therefore follows, 
that by increasing the capacity of the condensers D 
and G, and letting the capacity down very slightly by 
the inductance coil H, whichis in electrical contact 
with both condensers and the earth, any frequency 
or wave-length within reasonable limits may be 
obtained. 

In order to give the reader some idea of the kind 
of instruments that are used in this form of installation, 
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photographs are shown in Fig. 12 of a variable con- 


denser. 
To the reader who may happen to conduct his 
own experiments, there is no need to invest in expen- 


FIG. 12. —CoOSSOR’S VARIABLE CONDENSER. 


sive instruments, for there are numerous ‘books and 
periodicals that will give him instructions as to what 
to obtain and how to make them. 
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WIRELESS STATION EQUIPMENT. 


ALTHOUGH the largest proportion of the equipment 
of a wireless station has been already dealt with and 
explained under the headings of Detectors, Trans- 
mitter, and Tuning Apparatus, there are other pieces 
of apparatus and general equipment that have to be 
installed for the benefit of securing the safety of the 
operator and apparatus already mentioned. 

Before treating with this apparatus it will be 
advisable if we clearly grasp what we are going to 
guard against, and the damage that is likely to be 
incurred in the event of the dangerous element being 
allowed to pass into the range of the interior of the 
station which is not equipped with safety devices. 

In all wireless communication work we are dealing 
with the electric potential in the air—of which the 
commonest example of its action is lightning, which 
takes place when the atmospheric potential has risen 
to a value that is sufficient to break down the resist- 
ance of the air. Now if the atmospheric potential 
rises sufficiently (as we have proof that it does by the 
example of lightning) to pass to earth by breaking 
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down the resistance in the air, how much less rise in 
potential will be required to break down the resistance: 
of the air and allow it to strike the aerial, which in 
some cases is as high as 500 feet. Secondly, although 
the aerial is insulated from earth at the anchors, and 
may be altogether disconnected from the station, it will 
not alter the fact that the aerial will present a far 
lower resistance to carry the lightning discharge from 
the top of the aerial to the nearest point that it comes 
to earth, than the resistance that the air presents ; this 
being so, it follows that if the potential of the air is 
not quite sufficient to break down the resistance of 
the air, and that this value of potential passes over a 
wireless station aerial, there is a very great chance 
that the discharge may strike the aerial, and, after 
passing down it to the nearest point to earth, will 
break down the air insulation at the lowest point of 
resistance, which, if the aerial were connected through 
the station, would probably be across the change-over 
switch and through the receiving apparatus to earth. 

When taking the construction of an aerial into 
consideration, it would be impossible to prevent the 
lightning discharge from striking the aerial itself, on 
account of its great height and the difficulty of getting 
up to the top of it in order to disconnect it; we 
must therefore stand the chance of the aerial being 
struck, and equip it with some form of auxiliary 
apparatus that will ensure the discharge having a 
perfect path to earth through the aerial, without 
causing it any damage. 
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To people who are not acquainted with the pecu- 
liarities of electrical discharges, of which lightning is 
one of the commonest, the popular opinion is that if 
a thing is struck it is bound to be wrecked to some 
extent, but on the other hand, if we go into the theory 
of lightning, and consider how it conforms to the ele- 
mentary rules that govern the passing of electrical 
current, we shall see how, with proper precautions, we 
can preclude lightning from damaging an apparatus 
even though it does pass through it. 

We know electric potential to be composed of 
two elements, the element of pressure and the element 
of current, and that the combination of these two 
elements is known as a unit of electrical energy. One 
watt potential however, strictly speaking, is the differ- 
ence between two pressures, the pressures being that 
of one conductor in relation to another conductor 
or earth; thus, when speaking of atmospheric poten- 
tial, we mean the difference between the pressure of 
the current in the air and the pressure of the electrical 
energy in the earth, which is taken as zero; there- 
fore if the potential of the atmosphere, for the sake of 
example, be taken as one million above earth, then 
that value may be presented as one million volts with 
a current of one ampere ; this, like all other currents, 
is capable of being transformed, which action takes 
place according to the circumstances under which 
it is travelling. 

An example of the above theory may be taken 
from the ordinary working of electric light off a dynamo 
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in a central station, where we will imagine that the 
mains are fed at a pressure of 200 volts at the main 
voltmeters ; we will also suppose that the dynamo 
is driving a machine at this pressure which takes a 
constant load of 50 amperes, therefore the load on 
the dynamo will be equivalent to 10 kilowatt. Now 
suppose another machine taking a current of Io 
amperes is put in circuit, this increases the load on 
the dynamo to 12 kilowatt, but if the resistance in 
the fields, which we will imagine are shunt wound in. 
this case, are set to supply the original machine with 
its required current of 50 amperes at 200 volts, and 
the resistance is not altered in the fields of the driving 
dynamo, then the machine is asked to supply 60 
amperes at 200 volts with only a capacity of 10 kilo- 
watt. to-do it with; the result, therefore) willjbem 
drop in voltage of just over 33 volts, the dynamo 
output being transformed from 200 volts 50 amperes 
to 166 volts 60 amperes; this is an example of a 
given electrical supply automatically transforming 
itself according to the circumstances with which it has 
to deal. Similarly lightning will automatically trans- 
form itself into a lower voltage in order to allow the 
current to rise sufficiently to overcome a certain resist- 
ance. It must also be remembered that a current of 
a certain capacity will transform itself when passing 
through a conductor, on account of the fact that some 
conductors present less resistance than others 

The result of these theotfies, therefore, is#4iat 
lightning will make hardly any transformation if the 
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conductors it comes in contact with present very small 
resistance in its passage to earth, and can therefore be 
led through quite small conductors, provided those 
conductors are very well earthed. In addition to the 
above theories, there are others which deal with the 
charging of one conductor by another, the charge 
thus induced being in the opposite direction, but 
such theories need not be considered, because we 
are unable to make use of them when considering 
wireless station aerials; we therefore consider the 
matter with the object of seeing the best precautions 
to take to secure against damage by lightning, without 
‘those extras which do not adapt themselves to our 
requirements. 

By turning back to Fig. 1, we see that the top of 
the aerial is a bar to which all the conductors are 
electrically connected, connections being also made at 
the bottom to all wires, a tapping being led from them 
into the station itself. Now, as a very important 
essential in both the transmitting and receiving circuits 
is a good earth, it follows that we shall not have far 
to seek to obtain a lead which gives a good earth; 
therefore, if we take the main aerial to the centre 
connection of a single change-over switch, taking one 
side direct to a good earth connection and the other 
to the transmitting and receiving change-over switch, 
we shall have an arrangement by which we can 
instantly earth our aerial. and therefore save the appa- 
ratus inside the station from damage ; but, for the sake 
of precaution, we make all connections outside the 
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station building, and thus allow the current only to 
just come in and out again in its path across the knife of 
the switch. With this arrangement the transmitting 
and receiving change-over switch must be placed in 
the neutral position and the aerial switch changed over 
to earth immediately the slightest signs are detected 
of a storm approaching. It must, however, be under- 
stood that a lightning discharge is nothing but an 
ordinary discharge from a plain spark transmitter, 
except that the power of the discharge is many times 
larger than anything we could produce for wireless 
transmission ; in fact, the discharge is so strong that 
its radio-inductive action overcomes any non-inductive 
oscillation that the signal thus transmitted is received 
by almost all detectors. An example of this power 
may be well understood when it is stated, that a light- 
ning discharge 50 miles away gives a signal of one 
oscillation that makes the telephones produce some- 
thing that is best described as being a sound resem- 
bling the report of agun. Coherer detectors of course 
do not show any visible difference when detecting this 
signal; the other signals it detects. 

Before leaving the subject of lightning, we will 
consider all the apparatus that is installed to prevent 
damage being done by its action; we therefore take 
the high frequency spark arrester device in the high 
resistance telephones, and investigate its use and 
theory. 

Turning back to Fig. 5, which illustrates the Sullivan 
double head watch receiver, with the diaphragm re- 
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moved, exposing the spark arrester to view, we shall 
note that the arrester itself, which consists of two small 
screws mounted very close to one another, is fixed to 
the two horn pieces that form the mounting of the 
bobbins, which are wound in series with one another. 
The connections of the wiring of the telephones will be 
seen to be taken to the two horn pieces just mentioned ; 
so that the arrester screws are wired in shunt across the 
two main connections, the connections being similar in 
each receiver. Now what is the effect of placing a 
small air gap, formed by the two screws, across the 
extreme ends of the bobbin windings ? 

Before we can possibly find out how they have the 
property.of arresting any spark, we must naturally 
investigate the kind of current that passes through 
the winding; what other types of current are likely to 
pass through it; and, finally, what effect these extra 
currents that may pass through it will have upon the 
normal current in the winding of the bobbins. 

In the first place, the chief type of current that 
passes through these windings is an ordinary direct 
current of very small capacity, as is shown by the fact 
that these telephones are in the local circuit of the 
receiverand aresupplied bythe small battery; secondly, 
the passing of this small current has the result of 
magnetising the bobbin cores in the field of which 
the diaphragm is placed. Now by referring to 
Fig. 1 we note that the local circuit, although a 
circuit entirely self-contained, is open to have a 
high frequency current passed through it if a suff- 
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ciently powerful current strikes the aerial and over- 
strains the capacity of the condensers, which would 
probably be the case if a flash of lightning were to 
strike the aerial; the result then would be a high 
pressure current passed through the receiving circuit, 
of which the telephones forrn the path of least resist- 
ance, its tendency being to turn the bobbin windings 
into a transformer, the result of which will be an arc 
from the bobbin or winding to the diaphragm, unless 
it has some other exit. Therefore, in the event of a 
flash of lightning striking the aerial without the 
operator having had any warning of the approaching 
storm, and therefore the aerial not being earthed, the 
high frequency current transformed in the receiving 
circuit will discharge across the gap provided for this 
purpose, instead of from the diaphragm to the ear 
of the operator. An example of an apparatus that 
is very similar to this, and is designed to answer 
practically the same purpose, may be seen on almost 
any type of telephone such as are installed in the 
public telephone offices; this takes the form of two 
small plates screwed down on to the base of the tele- 
phone box, the plates resembling a little piece of a saw, 
and fixed so that their teeth come into one another, but 
not touching, very much like the thread of a screw in 
a very badly fitting nut. | 
The next matter for our consideration is the pre- 
vention of damage by the ordinary passing of the 
working current through the different instruments in 
the transmitting part of the installation; in this we 
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refer to those parts that are likely to be damaged by 
an arc occurring in the breaking of the current, which 
is necessary in the primary circuit of the transmitter 
in order to obtain the required short and long train 
of oscillations which go together to make the signal 
for each separate letter in the Morse code. We must 
remember that in some cases we use anything up to 
a 100 horse-power (only in high power stations), but 
more often a power ranging from one thirty-second 
to one horse power. 

Then, again, we must appreciate the fact that 
generally the voltage of these currents is very low, and 
consequently the amperage high; so that when we 
break a current of this type by an ordinary telegraph 
key, we must be prepared to have an arc of small 
dimensions across the points where the circuit is 
broken, and it is these points and the arc that occurs 
there that we have to consider, and devise something 
that will stop the arc from continuing and damaging 
the platinum points of the key. 

Referring to Fig. 8 and its accompanying expla- 
nation, we shall see that the choking coils J and K 
were not mentioned in the explanation, except the 
fact that they allowed only sufficient current to charge 
the condenser, but not enough to allow it to discharge 
across the gap D. Fig. 13 shows a similar diagram, 
but arranged in such a way as to illustrate other 
transmitting key circuits. Comparing Fig. 13 to Fig. 
8, the battery O takes the place of the alternator, 
A and B being the two choking coils, and C and 
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D ; the shunted switches, in Fig. 18 the transmitting 
key is not shown, but here in Fig. 13 it is shown at 
K, the leads T and R being the connections to the 
primary circuit of the ordinary transformer. 

The reason for putting the choking coils A and B 
in circuit is, that the alternating current generated 
by O is not easily adjustable by a simple resis- 
tance like a direct current, and we therefore must 
have something in the circuit that will enable us to 
regulate to some extent the amount of current passing 


B 


through the primary winding of the ordinary trans- 
former, thus in turn regulating the frequency in the 
induced oscillation by the power of the current that 
is passed through the Leyden jars to charge them. 
In this type of wiring, there are many difficulties 
in the stopping of the arc that is bound to occur 
when the alternating current is broken, but these 
difficulties have been surmounted to some extent 
by making the transmitting key act merely as a 
local circuit make and break, its function being to 


close and break a battery current which passes round 


ier 
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the wire of a temporary magnet whose action is to 
draw an armature down on to a stop, the armature 
being held back by the tension of a spring ; this arma- 
ture has a connection made to the main alternating 
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current circuit, the contact between the other lead 
being insulated from the armature and submerged in 
oil; this arrangement enables the main current to be 
closed and broken by mechanical action, and is set 
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in motion by the working of the transmitting key 
with a small battery power passing through it. 

Another form of transmitting key, which combines 
these two requirements, is used in some stations, and 
consists of the ordinary transmitting key with an 
auxiliary piece, very similar in design to an auto- 
matic cut-out, its action being to hold the two contacts 
together until the wave of the alternating current 
drops to zero potential, when it automatically releases 
itself without causing damage. 

In stations where alternating current supply is 
provided by a generator, it is a common practice to 
make the make and break for the signal in the excit- 
ing circuit, which is, of course, direct current, putting 
in a certain amount of resistance in the primary of 
the ordinary transformer so that no damage will be 
done owing to a direct short circuit ; this method is 
much more easy to deal with, since the current of the 
exciter is not more than approximately ’100 volts 
10 amperes, while the arc caused by the break can 
usually be reduced by shunting a condenser of fairly 
large capacity across the points of the key, similar to 
the condenser circuit on the primary winding of an 
induction coil, The main regulating of the current 
is then done by cutting resistance in or out in the 
exciting circuit of the alternator. 

When using for transmittingiinduction-coils, which 
are supplied by electric power stored in accumulators, 
this same method of reducing the arc at the transmit- 
ting key points is used. 
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AERIALS AND EARTHS. 


THE subject of aerials and earths is one of the greatest 
importance in wireless telegraphy, and also a matter 
to which wireless enthusiasts give little attention ; and 
the fact that a station must be equipped with an 
aerial and earth of suitable design to meet its own 
special requirements, to obtain efficient working, is 
one that is more often than not entirely overlooked. 
But since an intimate knowledge of the theoretical 
advantages and disadvantages of the various classes 
of aerial is not an essential in obtaining the Govern- 
ment Wireless Telegraph Operator’s license, it is only 
intended to draw readers’ attention to the commonest 
designs, and make some comments upon each one. 

The designs of aerial may be divided into three 
classes: (1) Umbrella; (2) T-model ; (3) Spider. 

(1) Umbrella type aerials are erected upon a single 
mast, having acommon connector at the top, to which 
all antennz are fixed, from this point each individual 
wire is taken down to an insulated anchor; the name 
of the class being taken from the similarity of the 
design to the framework of a domestic umbrella. This 
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class is divided into two subdivisions: (@) simple; 
(6) compound. The single type are those that have 
one common connector at the top of the mast with 
the antennz falling away from one side only, while 
the compound types are those that have more than 
one common connector at the top of the mast with 
the antenne wires falling away from more than one 
side ; in these cases the antennz wires are connected 
in series at a height of about 20 feet off the ground, 
either in one or two groups according to whether one 
or two ends of the aerial are required for tuning 
connections. 

(2) T-model aerials are erected upon two or more 
masts, the antenne wires being strung horizontally 
between them and erected upon spiders to keep the 
wires apart; the connections of this type may be 
varied according as one or two aerial ends are required. 
The larger number of ships are equipped with this type 
of aerial. These again are divided into two sub- 
divisions: (@) simple, (4) compound ; the latter type 
being those erected on more than two masts, as, for 
example, the aerial with which the British Admiralty 
station at Whitehall is fitted. 

(3) Spider types of aerial are those which are erected 
upon three or more masts, the antennze being woven 
together in the form of a web; these also are divided 
into simple and compound subdivisions, though the 
distinction is vague—this lattertype sometimes has two 
complete webs erected on the same masts, both being 
interconnected, but this type is very rarely met with. 
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When designing an aerial for a certain station, 
there are four points to be taken into consideration, 
not counting the specification of the requirements of 
the station’s working field of distance, these are: 
(1) the facilities that are offered locally for erecting ; 
(2) the area of ground available ; (3) the topography 
of the local surrounding country ; (4) terrestrial influ- 
ences. 

In deciding upon a design, it may practically be 
taken for granted that the station specification and 
points (1) and (2) decide the class, while (3) and (4) the 
height and area. 

When the class has been decided upon, the height 
and area have to be calculated, taking into considera- 
tion the official data given in the specification as well 
as the notes taken upon points 3 and 4, the chief 
factor depending upon the theory that the higher the 
aerial wire is taken and the greater the area at that 
height, the more efficient becomes the structure; if 
this is taken as the maximum, it is for the designer 
to see that as little area as possible is taken up in 
bringing the necessary connections down from the 
aerial itself to the station, for the more there is of the 
aerial itself (the station connections forming part) 
exposed to close terrestrial influences the greater is 
the deficiency from the standard maximum. 

In all designs of aerial it will be clearly understood 
that the aerial antenne must be extremely well insu- 
lated from the mast, for even if the latter is of wood, 
the paint or preservative combined with the moisture 
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in the atmosphere will greatly assist in conducting the 
highly-charged positive aerial to earth ; the stays for 
holding masts are very often also insulated from earth 
for this same reason. 


EARTHS. 


In addition to a suitable aerial, a good earth is 
essential for an efficient wireless station. Where a 
natural earth exists it is always taken, though it is 
sometimes necessary to make an additional artificial 
one; this is usually done by digging a deep trench 
all round the station, driving long iron rods down into 
the ground from the bottom of the trench, leaving 
about a foot above the level of the bottom, filling 
this in with sheets of copper connected by wires, the 
whole being embedded in damp clay. 

Before leaving aerials it may be well to mention 
that there is yet another type that is being used, 
namely, the Balanced Aerial which is used on aircraft 
where no earth is available; the design consists of 
two sets of horizontal antennz of the same length, 
carefully insulated from the frame and one another, 
one side representing the aerial as we commonly know 
it, the other taking the place of earth. The tuning is 
varied by cutting in or out similar capacities of induc- 
tion in both parts. 

The disadvantage of this type is that it requires 
approximately eight times the amount of transmitting 
power as compared with that of an ordinary aerial to 
transmit signais over the same distance. 
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CHUN Pie ay I, 


SMALL POWER EXPERIMENTAL APPARATUS. 


FROM the preceding chapters, the reader will have 
grasped some of the most important information that 
is necessary for the intending wireless telegraph 
operator to qualify for his government license. We 
now deal with some designs of simple apparatus, such 
as he will find no difficulty in making himself at a 
very small expense of time and money, the object 
being to assist him to become proficient in transmitting 
and receiving messages by the Morse code without the 
necessity of engaging the help of a proficient operator 
to transmit his signals for him. It will, of course, be 
understood that it will not be possible for him to 
include the installation of tuning apparatus in these 
pages describing small power experimental apparatus, 
for, even if it were possible (expense being considered 
the most important point), the aspirant would have to 
obtain the necessary license and instal the complete 
equipment, which cannot be done for a few pence in a 
few hours, and therefore it will not be possible for him 
to train himself in practical tuning unless he is an 
enthusiast in amateur experimental wireless work and 
possesses an installation. 
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The most important qualification required of the 
intending operator is, that he should be thoroughly 
proficient in transmitting and receiving signals by the 
Morse code at the regulation speed of twenty words a 
minute, and it is to assist the reader to attain this 
standard that these pages are written. 

The first thing to do is to get the symbols of the 
code into his head, in such a way as to be able to 
recognise any signal without having to go through 
the alphabet till you get there, as some boys have 
to do when asked to quote a line in some piece of 
poetry. The simplest way of doing: this is to take 
each letter separately, and signal it at least ten times 
in succession, remembering the letter it stands for ; it 
will then firmly impress itself on the brain, so that if 
the signal is heard the hearer immediately thinks of 
the letter it stands for as a matter of habit, thus if the 
sound - - - is heard, the hearing of it will immediately 
bring the letter. S into prominence, . 

After getting the alphabet into your head, including 
the numerals, the next thing to do is to fit up an 
apparatus which will show you by what it records if 
you are signalling well or badly. In fitting up this 
apparatus, it should be remembered that although it 
is only required for teaching you, it is well to obtain 
good stuff, for unless you do so the results that it 
gives will not tell you accurately what you are doing, 
and consequently will not assist you in the way that 
it is required to do; and, after all, if you do not.want it 
for any other purposes after you have finished teaching 
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yourself, a good apparatus will always realise a good 
price when sold again, whereas a poor one will not 
realise anything like what it is worth. The figures 
and prices given in this chapter are for good apparatus 
but they can be obtained for less money if necessary. 


ig ransmittiing Apparatus. 


The most important thing to look out for in 
teaching oneself to transmit properly, is to make sure 
that one is getting the proper length for dots and 
dashes, with the right space in between, and to do this 
thoroughly, the best advice that can be given is to take 
a newspaper or some other form of continuous prose 
and begin signalling slowly at first, gradually going 
up to the regulation speed (which may take six months 
to acquire properly) and fix up your apparatus so that 
your signals are automatically put down by a printer, 
from which you can examine the spacing and accuracy 
of your transmitting after the signalling has been done. 

The following directions explain the fitting up of 
a suitable apparatus that will do this satisfactorily. In 
fitting up the apparatus, and in buying suitable instru- 
ments, it is important that the sounds that are made 
when transmitting on a commercial wireless. plant 
should be produced as nearly as possible—and, simi-= 
larly in receiving, the signals should be received as 
nearly as possible—in exactly the same way that the 
operator will receive them on a commercial station 
that is through telephones. It does not necessarily 
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matter whether they are wireless signs or not, so long as 
the signals sound approximately the same, for, though 
an operator may be able to transmit and receive at 
the regulation speed when his transmitter makes very 
little or no noise and his receiver makes a great deal, 
like a Morse sounder, he will find that it makes all the 
difference when he is expected to do the same work in 
totally different circumstances, and this, accompanied 
with the fact that he is sitting for an examination is 
quite enough to lower his efficiency so that he fails, 
whereas in reality he may be quite capable of doing 
all that is required under his own conditions, 

Fix up a transmitting key that will work a motor 
cycle induction-coil provided with a spark gap, and 
shunt to the key terminals a local circuit working an 
automatic printer, as shown in Fig. 14. To set this 
apparatus to work satisfactorily, start the printing 
machine torun quite fast, which it will do at a uniform 
speed because it is governed; then start, and signal in 
the ordinary way. 

When making a first start do not signal more than 
five words, then examine the record as shown on the 
printer. 

The following mistakes will be found the com- 
monest: dots at the end of a letter will be shortened, 
so will the first dash of a letter. These faults can 
easily be seen from the impressions on the ribbon 
from the automatic printer, and therefore can easily be 
corrected with the necessary amount of patience and 
perseverance. An example of good signalling and 
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bad signalling is given in Fig. 15, which shows the 
signals printed upon a piece of automatic printer 
ribbon. 


Receiving Apparatus. 


Transmitting will most certainly be found to be 
the easier of the two requirements, and the reader 
should begin by teaching himself to transmit properly ; 
but it isnot necessary for him to wait until he is quali- 
fied in transmitting before he starts to teach himself 
how to receive. 

The instruments for receiving are more complicated 
on account of the fact that the receiver must not know 
what to expect, otherwise he will get into the way of 
guessing, which is one of the worst faults to get one- 
self out of. : 

The following is a description of the most suitable 
type of apparatus to be fitted up to teach oneself to 
receive properly. ; 

First of all an automatic transmitter is necessary, 
and the signals that are to be transmitted must not 
be known. 

When first starting to instruct oneself to receive, 
the following points should be very carefully attended 
to, for, although they may seem a little awkward at 
first, the operator will find out afterwards that these 
instructions are well worth the trouble to getting one- 
self accustomed to. 

In the first place, fit the telephones comfortably 
over your ears, so that they fit on without having to 
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be held in any way; if the operator uses the extra 
apparatus that inserts a detector, he should get used 
to the “fry,” which is the gentle singing in the tele- 
phones, which may be compared to the sound heard 
when a shell is placed to the ears, 

He should then get accustomed to the sound that 
the signals make in the telephones, which must not be 
mistaken for the sound that is made by the trans- 
mitter. After he has got accustomed to all these 
points, he may proceed to start upon the receiving of 
the signals, and in doing this he must place the paper 
in front of him, holding it down with the left hand as 
in writing a letter, but always keeping the pencil upon 
the paper; then proceed to translate each letter as it 
is signalled into the letter which the symbol stands for ; 
never write down the dots and dashes, and if you 
cannot think of the letter which is transmitted, leave 
a space and go on to the next, for if this is not done 
you will find that it is quite impossible to keep up 
with the speed of transmitting. 

Do not start the machine to run too slowly, never 
let it transmit less than eight words a minute, and 
keep on at this speed until you are accurate; then 
increase to about twelve, and so on until you get to 
fifteen, then increase the speed by single words, but on 
no account increase the speed till you are proficient 
in the lower one. It has been mentioned that the 
operator must not write down the dots and dashes, 
this is because he will not have time to do so. 

The reader has been advised to provide himself 
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with apparatus that will as near as possible resemble 
the receiving of signals to that in commercial use, we 
therefore give some details of small apparatus that is 
purely wireless, in order that the operator may add 
certain parts of them to his self-educating apparatus if 
he feels so disposed. 

Fig. 16 shows the diagram of connections of a 
small portable set. 

Although the Postmaster General requires every 
person who possesses a wireless station to hold a license 
granted by him, he will not require all the information 
that is entailed in obtaining a license, if the operator 
strictly prohibits himself to apparatus that will not 
transmit signals that will be heard more than a few 
yards; but, if a portable apparatus similar to that 
mentioned in the previous pages of this chapter be 
installed, the operator will then have to obtain his 
license, because if these types of apparatus are equipped 
with a suitable aerial they will detect signals over 
very long distances. 

If the intending operator desires to instal this type 
of apparatus he should write to The Secretary, The 
General Post Office, London, and ask for The Experi- 
menter’s License Application Form, in which he will 
have to provide all information as to the equipment 
that he intends to instal, giving particulars of the 
height and type of the aerial type of transmitter, and 
the power which is to supply it, type of detector, etc., 
and he will probably not get his license document for 
a very considerable period of time; but to avert any 
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trouble being caused by Post office Officials calling 
to see the equipment, which they have every right to 
do, providing they have a written authority from the 
Postmaster General, when they will ask to see the 
license ; it sometimes is the cause of a great deal of 
trouble if this document has not been received, and 
it is better to write to the secretary of the Post Office 
and ask permission to work the apparatus temporarily 
until the license document comes to hand, the Post- 
master General’s permission is then given in writing, 
which is exactly similar to the license ; a copy of the 
details of the license application form should however 
be kept, because although the operator may have the 
Postmaster General’s permission for temporary work- 
ing, the operator must be able to prove that he is not 
exceeding the privileges asked for in his license appli- 
cation, for which the Postmaster General’s temporary 
permission sanctions for the time being till the license 
itself is forwarded ; he should also remember to ask 
for his official code letters, which will be assigned to: 
him by the authorities. 

_ In conclusion, I would say be patient and do not 
try and go ahead too fast. The subject is a very 
interesting one and the field for experimental research 
is very wide and gives great scope for invention. I 
hope that this little book may prove to be of assist- 
ance to some of my readers who are given to inven- 
tion. 
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LIST OF 8S. & C. SERIES 3 


ACCUMULATOR. 


Ignition Accumulators. ‘By Harold H. U. Cross. Care 
and management and Electric Light for the million, con- 
taining practical information on the Charging and Repairing 
of Motor Cycle, Motor Car, and other similar Ignition Accu- 
mulators. Also the adaptation of a slightly larger genus 
to a unique system of Electric Lighting. 12 illus., 66 pp. 
(No: 19; 1970.) -1s. 6d. net. 

The Charging of Accumulators—Testing—Charging from Primary 
Cells and Supply Mains—The Prevention of Injurious Sulphate—The 
Repairing of Accumulators—Causes of Failure—Accumulator Dis- 
ease and Treatment of Cases—Fitting Terminals—Thickness of 
Plate and Capacity—The Accumulator in the Home—Plant and its 
Cost—System of Distribution—Turn-down Switch—Other Fittings— 
Switchboard and Wiring—Faults, their Location and Repair. 


AVIATION. 


How to Build a 20-foot Bi-Plane Glider. By A. Powell 
Morgan. A practical Handbook on the construction of 
a Bi-Plane Gliding Machine, enabling an intelligent reader 
to make his first step in the field of Aviation with a com- 
prehensive understanding of the principles involved. 30 
illus., 60 pp. (No. 14. New York, 1909.) is. 6d. net. 


The Framework, assembling and finishing the Wood—Covering the 
Planes ; laying out the Fabric and fastening it—Trussing; fasten- 
ing the rods and trueing the Glides—Gliding flight ; the Principles 
involved; Instructions and Precautions—Remarks. 


Natural Stability: And the Parachute principle in Aeroplanes. 
By W. LeMaitre. 34 illus.,46pp. (No. 39, 1911,) 1s. 6d. 
net. 


Preface—The importance of Stability—Speed as a means of 
Stability—The Low Centre of Gravity—Short Span and Area—Vari- 
able Speed and the Parachute Principle—The Design which fulfils the 
Conditions. 


BATTERIES. 


Dry Batteries: How to make and use them. By Norman 
H. Schneider. Giving full detailed instructions for the 
manufacture of Dry Cells of any shape and size, especially 
adapted for Automobile, Launch and Gas Engine work, 
Medical Coils, Bells, Burglar Alarms, and for all purposes 
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requiring a first-class battery. 30 ilus., 59 pp. (No. 7. 
New York. 1910.) ts. 6d. net. 

Tools needed and their Use—Makiang the Cells—Chemicals employed 
in making the Cell—Assembling the Cell, Charging and Sealing— 
Finishing ;the Cell—a new form of Dry Cell—Connecting up 
Multiple Series—Bell Work—Motor Work—change over Switch 
Wiring—When to throw away a Cell—How to Make an Electric 
star for Decoration—Electric Motors. 


Modern. Primary Batteries: Their construction, use and 
maintenance. By Norman H.. Schneider. Including 
Batteries for Telephones, Telegraphs, Motors, Electric 
Lights, Induction Coils and for all experimental work. 
55 -illus., “04. pp. (No.2. Wew .Y ork, 1910.) 30s) Gere 

Introduction—Cells for Intermittent Use—Acid Cells—Copper 


Sulphate Cells—Miscellaneous Cells—Selection and Care of Battery— 
Practical: Notes. 


BICYCLES. 


Cycle Building and Repairing. By Peter Henry. ~ In- 
cluding Care of Lamp, Enamelling, Repair of Tyres and Wheel 
Building. 55 illus., 96 pp. (No. 43, 1913.) 1s. 6d? net. 

Introduction—-Building a Machine—Building the Wheels—Simple 
ee Repairing—Cycle Enamelling—Thé Care of the Lamp 
IN CEX; 


COILS. 


Experimenting with Induction Coils. By H. S. Norrie. 
Containing practical directions for operating, Induction 
Coils and Tesla Coils ; also showing how to make the ap- 
paratus needed for the numerous, experiments described. 
26 illus., 73 pp. (No. 5. ‘New York, 1911.) 1s. 6d. net. | 

Introduction—The Handling of a Ruhmkorff Coil—Experiments 


with Sparks—Effects in the Vacuum—Induction and Wireless 
Telegraphy. | 


CONCRETE AND REINFORCED 
CONCRETE. 


Practical Silo Construction. Illustrating and explaining 
the most simple and easy Practical Methods of Constructing 
Concrete Silos of all Types from unpatented forms and 
moulds. By A. A. Houghton. ° 18 illus.,69 pp. (No. 27. 
New York; 1911.) «1s, 6d: imetuti ; 


LIST OF §. & ©. SERIES a. oR 


Concrete Silo—Requirements of a Silo—Size of Silo to Erect— 
Foundation—Foundation with Floor below Ground level—Forms 
for Monolithic Walls without Air Chamber—A Simple and Inexpen- 
‘sive Silo Form—Method of Raising Forms—Using Cees Noe Clamp 
—Plastered Silos—Concrete Block Silos—Concrete for Silo Work— 
Reinforcement of Silo—Doors for the Silo—Silo Roof—Ornamental 
Roof or Wall for Silo. 


Moulding Concrete Chimneys, Slate and Roof Tiles. 
By A. A. Houghton.’ 15 illus., 6r pp. (No. 28. New 
York, 1911.) ..1s+.6d.. net. 


. Requisites of Chimney Construction—-Constructing Small Monolithic 

Chimneys—Interlocking Block for Small Concrete Chimneys—Orna- 
mental Moulds for Chimneys—Interlocking Blocks for Large Chimneys 
—Forms for Large Monolithic Concrete Chimneys—Octagonal 
Monolithic Form—vVarious Types of Concrete Roofs—Monolithic 
Type of Concrete Roofs—A Simple Bracket for Concrete Roof Con- 
struction—Moulding Ornamental Concrete Roofs—Concrete Roofs 
of Reinforced Slab—Concrete Slate or Tile Roofs—Machine or Mould 
for Concrete Slate—Moulding Ship, Ridge Roll and Gable Ornaments 
—Preparing Plans for Roof Loads. 


Moulding and Curing Ornamental Concrete. A Practical 
Treatise covering the Various Methods of Preparing the 
Moulds and Filling with the Concrete ,Mixture ; Remedying 
Defects in the Casting; Surface Treatment for -various 
effects; proper Proportions and Preparation of the Con- 
crete, and the best Methods of thoroughly Curing. By 
A. A. Houghton. 5 illus., 58 pp. (No. 29.. New 
Werk MOTT.) sis.) 6d. net: : 


Dividing the Moulds—Coating the Moulds to Prevent Shelling— 
Placing the Concrete—Removing the Moulds—Repairing Defects in 
the Cast—Surface Treatment of Concrete—Curving of the Work— 
Moulding Imitation Marble—Imitating the Vein in Marble—Moulding 
Granite Concrete—Using Silicates as Colouring Agents—Mortar 
Colours for Concrete—Moulding Concrete to Imitate Tool-dressed 
Stone—Types of Moulds used for Ornamental Concrete—Plaster 
Moulds—Glue Moulds—Wood and Sheet Metal Moulds—Sand 
Moulds for Ornamental Concrete—Making Patterns for Cast Iron 
Moulds. 


Constructing Concrete Porches. The Construction of Mono- 
lithic Concrete and Concrete-block Porches, together with 
the Modelling of Columns, Balusters, Lattice, and Railings, 
as well as Plain and Reinforced Types of Porch Floors. 
By A. A. Houghton. 18 illus., 62 pp. (No. 35. New 
York v%9I7:) msk6grnet. ; 


Concrete for Porch Construction—Foundations for Footing Courses 
—Plain Concrete Porches—Pilasters Employed in Wall—Panels for 
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Ornamenting Walls—Inserting Relief Ornaments in the Wall—In- 
serting Separate Moulded Panels in Wall—Concrete Block Porches— 
Concrete Parch Floors, Plain, Reinforced and Mosaic—Concrete 
Block Columns—Circular Block Columns, Plain and Fluted—Arch 
Type of Columnation—Plaster System of Moulding Columns, with- 
out Moulds—Concrete Baluster with Moulds—Concrete Lattice 
Design with Mould—Concrete Porch Railing and Mould.—Index. 


Concrete Monuments, Mausoleums, and Burial Vaults. 
Construction of Moulds with Simple Methods of Lettering 
and Plans and Designs, with complete details of Construc- 
tion. By A. A. Houghton. 18 illus., 65 pp. (No. 31. 
New York, 1911.) ts. 6d. net. | 


Construction of the Moulds—Panel System of Moulding—Employ- 
ing Panels for Ornamental Effects—Ornamenting Die with Incrusta- 
tation and Bas—Relief-designing Details of Concrete. Monuments 
Letters for Concrete Monuments—Moulding Concrete Letters— 
Cutting Inscriptions upon Concrete—Moulding and Placing Name 
Plates—Imitating the Vein of Natural Stone—Treating the Moulds 
to Prevent Sticking—Preparing the Concrete for Pouring—Placing 
or Setting Concrete Monuments—Constructing Concrete Mausoleums 
—Moulding a Concrete Columbarium—Moulding Concrete Burial 
Vaults. 


Concrete Floors and Sidewalks. Complete Instructions for 
Moulding with Plain and Ornamental Surfaces. Also Re- 
inforced Monolithic Floors and Sidewalks, and full Details of 
Moulds for Diamond, Hexagonal, and Octagonal Floor Tile. 
By A. A. Houghton. 8 illus., 63 pp. (No. 32. New 
York, A911.) “is “Gdanet 


Causes of Defective Floors and Walls—Foundations—Constructing 
Forms and Thickness of Slabs—Materials for good Concrete—Pro- 
portioning and Mixing, Placing and Tramping the Concrete—Size of 
Slabs and Expansion Joints—Placing and Finishing Surface—Tools 
for Finishing Floors and Walls—Metal Forms for Expansion Joints 
—Machine to Mould Curb and Gutter—How to Prevent Defects in 
Work—Curving the Work—Cost of the Work—-Ornamental Surfaces 
for Floors and Walls—Moulds for Mosaic Floor Tile—Materials and 
Colours for Surfaces—Moulds for Hexagonal Blocks and Tile—Laying 
Concrete Floor Tile—Moulding Hollow Concrete Floor Slabs—Inter- 
locking Floor Slabs—Adjustable Brace for Shoring—Reinforced 


Floors and Slabs. 

Mouiding Concrete Bath Tubs, Aquariums and Natator- 
iums. [Explaining the Moulding of various styles of Bath 
Tubs, Laundry Trays, etc., with Easily Constructed Moulds. 
for the purpose. By A. A. Houghton. 16 illus., 64 pp. 
(No. 33. New York, 1911). 1s. 6d. net. 


Proportioning and Mixing the Concrete-—Construction of the Core— 
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Moulds for Bath Tubs—Moulding Rim of, Bath Tubs—Plaster System 
of Moulding Bath Tubs—Moulding the Square Style of Bath Tuk 
—Moulding the Legs upon Bath Tubs—Moulding Concrete Lavatories, 
Sinks and Closet Bowls—Moulding Concrete Laundry Tubs— Mould- 
ing a Concrete Aquarium—Design for a Large Concrete Aquartum— 
Concrete Aquariums for Outside Use—Moulding a Concrete Nata- 
‘torium—Waterproofing Concrete—Various Methods of Waterproofing 
—Use of Patent Compounds for Waterproofing Concrete. 


Moulding Concrete Fountains and Lawn Ornaments. The 
Methods of Moulding various styles of Concrete Fountains, 
Lawn Seats, Curbing, Hitching-Posts, Pergolas, Sun-dials, 
Lawn Vases, and other ornamental garden furniture of Con- 
crete. By A. A. Houghton. 14 illus., 36 pp. (No. 
37. New York, 1912.) 1s. -6d, net. 

Concrete Employed for Lawn Ornaments—Preventing the Concrete 
from Adhering to Mould—Moulding Concrete Fountains—Construct- 
ing an Attractive Base for a Fountain—The Plaster System of Mould- 
ing Concrete Fountains—Moulding Concrete Lawn Benches and 
Seats—Moulding Concrete Curbing—Constructing Concrete Pergolas. 
—Moulding Concrete Sun-dials—Concrete Lawn Vases or Urns— 
Moulding Concrete Hitching-Posts—Finishing the Surface of the 
Work. 

Moulding Concrete Flowers Pots, Boxes, Jardiniéres. 
The Construction of various designs of Concrete Flower Pots, 
Jardiniéres, and Window Boxes of Concrete, together with. 
the reinforcement and surface treatment of the Casts after 
Moulding. By A. A. Houghton. 8 illus., 52 pp. (No. 
00. New York, 1912.) ts. 6d. net, 

Proportioning and Mixing the Concrete for the Work—Constructiorm 
of the Moulds—Construction of the Cores—Plaster and Core Position 
Mould—Wood and Sheet Metal Moulds—Glue, Sand and Wax Moulds 
Reinforcing the Work—Removing the work from the Mould—Fower 
Pot Moulds—Flower Boxes of Concrete—Cardboard Models for Orna- 
mental Work—Inlaid Ornamentation—Cutting Ornamental Designs 
upon Work—Finishing the Surface of your Work, 


Concrete Wall Forms. A Practical Treatise on the Construc- 
tion of all Types of Wall Forms, Separators and Spacers 
- for Reinforcement. Full Details and Working Drawings of 
an Automatic Wall Clamp are given. Foundations, Retain- 
ing Walls, Placing Floor Joints, Moulding Water Tables 
and Window Ledges, and Preparation of Foundations for 
Concrete Walls, are also dealt with. By A. A. Houghton. 
16 illus., 62 pp.J (No. 30. New York, 1911.) 1s. 6d. net. 


Bracing Wall Forms—Foundations for Walls—Constructing 
Footing Courses—Strength and Weight of Concrete—Easily made 
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Clamps, Wire Ties, and Separators—Use of Metal Forms for Concrete 
Constructing an Automatic Clamp for Wall Forms—Operating 
and Adjusting Clamps to all Widths of Wall—The Best Method of 
Placing Floor Joists—Placing Door and Window Frames and Marking 
Wall into Blocks—Moulding Window Ledge and Projecting Orna- 
ments with Wall—Space for Reinforcement—Moulding Concrete 
Furring Strips to make Fireproof Wall—An Economical System 
of Constructing Walls—Joining Sections of Wall and Bonding Con- 
crete with Acids—Retaining Walls. 


Concrete Bridges, Culverts and Sewers. Illustrating vari- 
ous types of Solid and Reinforced Arch, Slab, and Girder 
Concrete Bridges; also the Molding of Concrete Culverts, 
Drains, .and Sewers, with Forms for their Construction, 


By A. A. Houghton. 14 illus., 58 pp. (No. 34. New 
York, 1912.) 1s. 6d. net. 


The Concrete Bridge—Definitions of parts of an Arch—Definitions 
of parts of a Concrete Arch Bridge—-Foundations and Specifications 
for Concrete Bridges—Concrete Arch Bridges without Spandrel Walls 
—Placing Concrete in Bridge’ Construction—Piers and Abutments 
—Girder and Slab Bridges—Concrete Bridge Floors—Concrete 
employed for Bridge Work—Conerete Culverts and Drains—Con- 
structing Concrete Sewers—Index. 


ELECTRIC BELLS. 


Electric Bells, Annunciators and Alarms. By Norman 
H. Schneider. Second Edition, 70 illus., 83 pp. (No. 2. 
NewYork, 1913.) . Xs,..6d,.net. 


Introduction—Different Classes of Ceils—Different Forms of 
Electric Bells and Pushes—Wiring—Alarms and Thermostats— 
Drop, Annunciators, Call Systems and Wire Systems—Fire Alarms— 
Three-wire return Call—Burglar and Clock Alarms—-Combination 
Bell, Door-opener and Telephone Circuits. 


ELECTRICAL ENGINEERING. 


The Study of Electricity for Beginners. By Norman H. 
Schneider. Comprising the Elements of Electricity and 
Magnetism as applied to Dynamos, Motors, Wiring, and 
to all Branches of Electrical Work. 54 illus., 88 pp., 6 tables. 
(No. 6. New York, 1910.) is. 6d. net. 


Introduction—Generation of LElectricity—Current Flow—Con- 
ductors—Insulators—Resistance—Conductivity—Ohms law—Vari- 
ous kinds of Cells described—Grouping of Cells—Experiments in 
Magnetism—Lines of Force—Electro Magnets—Telegraph and 
Telephone—Ampere-turns—Whirls around .Wire—Induction—Im- 
pedance—Principle of the Dynamo—Armature and Commutator 
——Motors—C.G.S. System—Definitions of Units—Magnetic Pro- 
perties and Prefixes used for Units. 
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Practical icc tice A universal handybook on Beery 
Electrical matters. 126 illus., 135 pp. (No. 13. New 
MOM 1009) sits. Gn, net, 

Alarms — Batteries—Bells—Connections—Carbons—Coils—Dyna- 
mo Electric Machines—Fire Risks—Measuring—Microphones—Motors 
~—Phonographs—Photophones—Storage—Terminals—Telephones. 


ELECTRIC GAS LIGHTING. 


Electric Gas Lighting. By H. S. Norrie. How to _ instal 
Electric Gas [gniting Apparatus, including the jump spark 
and multiple systems, for use in Houses, Churches, Theatres, 
Halls, Schools, Stores or any large Building; also the care 
and selection of suitable Batteries, Wiring and Repairs. 
57 illus., ror pp. (No. 8. New York, 1907.) 1s. 6d. net. 

Introductory Remarks—Multiple Gas Lighting—Connections and 


Wiring—Primary Coils and Safety Devices—Lighting of Large 
Buildings—How to select Batteries for Gas Lighting. 


ELECTRIC LIGHTING. 


Low Voltage Electric Lighting, with the Storage Battery. 
By Norman H. Schneider. Specially applicable to country 
houses, farms, and small settlements, launches, yachts, etc. 
23 illus., 85 pp. (No. 26... New York, 1911.).. 1s: 6d. net. 


Introduction—Advantages of the Isolated Plant—The Essential 
Parts of the Plant—The Storage Battery—Portable Batteries—Why 
Primary Batteries are not suitable—Estimating and Installation— 
Ampere hour and Lamp hour—How to figure the Capacity Needed 
—Regulators—Installations for Launches and Yachts—Larger 
Installations and | Specifications—The Electric Plant—-Automatic 
Devices—Motive Power—Engines and Windmills—Some Typical 
Plants—Installation and Operation. 


GYROSCOPE. 


The Gyroscope. An Experimental Study. By V. E. John- 
son, M.A. From Spinning Top to Mono-Rail. 25 illus., 
R2eppr (Nore. Loli 1s 6d?-net! 


The Simple Gyroscope—Experiments—Unicycle Gyro—Two- 
wheeled Gyro—Self-Travelling Unicycle Gyro—Compound Gyroscope 
—Balanced Gyrostats—The secret of the Mono-Rail—Stilt Gyro- 
scope—Experiments with a Hoop—Automatic means of hurrying on 
the Precession—Simplest form of Mono-Rail—Stabilising Apparatus— 
Turning a Corner—Electrically-driven Models—Original form of 
Electric Gyroscope—Electric Mono-Rail Model—Electric Source 
of Energy—The Car—Lines for Mono-Rail Model—Travelling along 
a Straight Line—Other Methods of Balancing—Non- Gyroscopic 
Stabilising Effects. 
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INVENTIONS. 


Inventions: How to Protect, Sell and Buy them. By F. B. 
Wright. A Practical and Up-to-date Guide for Inventors. 
and Patentees. 108 pp. (No. 10. New York, 1908.) 
Is. 6d. net. 


Introduction—The Natural Rights of Invention and the Public— 
The business of Inventing—The Nature of a Patent and Patentability 
—The considerations for which a Patentis granted—Novelty and ful 
Disclosure—Sole and Joint Invention and Joint Ownership—Protec- 
tion before Applying for a Patent Caveats—The Application for 
Patent and its Preparation—Patent Office Procedure—Transfer of 
Patent Rights. 


PERSPECTIVE. : 


Linear Perspective. By Charles W. Dymond, F.S.A 
A Key toits Theory and Methods. 15 illus., 8 plates, 32 pp. 
(No. 20. 1910.) 1s. 6d. net. 


Preface—Definitions—Theory—Examples—Appendix ; Directions: 
for making a Model. 


QUANTITIES. 


Builders’ Quantities. By Horace M. Lewis, Assoc. Inst. 
M. and C. Engineers; M.RS.I. Tllus., 54 pp. (No. 40. 
1911.) 1s. 6d. net. 


Preface—General Introduction—How to Measure Areas, etc.— 
Methods of Measurement—Excavator—Sewers and House Drains— 
Bricklayer—Reinforced Concrete—Mason—Slater—Slate Mason— 
Tiler—Stone Tiling and Slating—Plasterer—Carpenter—Joiner and 
Ironmonger—Smith and Founder—Hot-water System—Lighting— 
Bells—Plumber—Painter, Glazier and Paperhanger—Examples of 
Billing. 


STEAM ENGINE. 


ABC of the Steam Engine. By J. P. Lisk, M.E. With 
a description of the Automatic Governor. Second Edition. 
6 large folding plates, 30 pp. (No. 17. New York, 1910.) 
Ts.-6d. ‘net. 


General Remarks—Engine Base—Engine Frame—Tangee Frame— 
Girder Type—Slide Valve—‘D’”’ Valve—Piston Valve—Crank 
Shaft—Piston Rods and Valve Stems—Stuffing Box—Bearing 
Pedestals or Pillow Blocks—Journal Boxes—Flywheel—Diving Belts 
—Clearance—Steam~ Piping—Steam Line--Exhaust Pipe—Steam 
Separator—Steam Trap—the Governor—Shaft Governor. 
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Model Steam Engine Design. By R. M. de Vignier. An 
Introductory Handbook of Practical Information, containing 
Formule, Examples, Tables, and Data for the Model En-- 
gineer. 34illus.,94 pp. (No.9. New York, 1911.) 1s, 6d. 
Het, 


Various Types—Power Calculations—Feed Pumps—Compound. 
Engines—The Valve Diagram—Engine Lay-out—Patterns. 


The Corliss Engine. By J. G. Henthorn. And Its Manage- 
ment. By C. D. Thurber. Io illus., 95 pp. (No. 23. 
New York, 1904.) 1s. 6d. net. 

Introductory and Historical—Steam Jacketing—Indicator Cards—- 
The Governor—Valve-gear and Eccentric—Valve Setting—Table 
for Laps of Steam Valve—Lubrication, with Diagram for same—Dis- 
cussion, of the Air Pump and its Management—Care of Main Driving. 
Gears ; best Lubricator for same—Heating of Mills by Exhaust Steam 
Engine Foundations ; Diagrams and Templets for same—Materials. 
for Engine Foundations—Appendix. 


The Fireman’s Guide. By Karl P. Dahlstrom, M.E. A 

~ Handbook on theCare of Boilers. Twelfth Edition, 26 pp., 
(No. 16. New York, 1909.) ts. 6d. net. 

Introduction—Firing and Economy of {Fuel—Feed {and Water- 


Line—Low water and Foaming or Priming—Steam Pressure—Cleans-- 
ing and Blowing out—General Directions—Summary of Rules. 


SOLDERING. 


Simple Soldering: Both Hard and Soft. By Edward 
Thatcher. Together with descriptions of inexpensive home- 
made apparatus necessary for thisart. 52illus., 76 pp. (No.. 
18. New York, 1910.) ts. 6d. net. 

Soldering—Soft Soldering—Methods of Holding Work—Hard: 


Soldering or Brazing—Cleaning up Work; Polishing—Standard' 
Apparatus—Home-made Apparatus. 


TELEPHONY. 


Elements of Telephony. By Arthur Crotch. 51 illus... 
go pp. (No. 21. 1910.) 1s. 6d. net. 
Introduction—The Telephone—Telephone Sets—Exchange Werk-- 


ing—Multiple Switchboards—Automatic Signalling—Common. Bat-- 
tery Working—Junctions—The C.B. Exchange. 
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THEATRE. 


The Model Vaudeville Theatre. By Norman H. Schneider. 
How to Construct and Operate it. 34 illus., 90 pp. (Wo. 
15. New-York, 1909.) is. 6d. net. 


Construction of a Model Theatre—Marionettes—Transformation 
Plays—Methods and Apparatus for Producing Scenic Effects— 
Illusions—Illuminated Views—Punch and Judy— Boxing Match— 
Black Art—Magic Lantern Act—Machines for Opaque Pictures— 
Method of Construction—Different Subjects Exhibited—Con- 
clusion. 


WIRING. 


Wiring Houses for the Electric Light. By Norman H. 
Schneider. With special reference to low voltage battery 
systems. 42 illus., 86 -pp'"“(No.“"25.." New “York, Fair) 
1s. 6d. net. 

Lamp Holders—The Circuit Defined—Planning the Wiring— 
Completing the Installation—Installing the Lights—Other Methods 
of Wiring—Conduit Work—Bringing in ,the Service through Iron 
Pipe—Materials and Notes—Mouldings—Table of Copper Wire— 
Figuring the Size of Wire Required—Notes on Underwriters’ Rules— 
Openwork in Dry Places—Concealed Knob and Tube. Work—Service 
Wires. 


Electric Circuits and Diagrams. By Norman H. Schneider. 
In two volumes. 

Vol. I. 2x7 ilus.; 72 pp. (No? 3) New York as 
Is. 6d. net. Wiring Circuits and Diagrams of the follow- 
ing :— 

Bells; Annunciators ; Alarms—Telephones—Automobiles—Wiring 
and Simple Circuits—Gas Lighting by Electricity—-Dynamo Circuits— 
Electrical Instruments—Motors—Street Railway—-Storage Battery 
—Testing—Telegraph—Wireless Telegraphy 


Vol. II. 78 illus., 80 pp. (No. 4. New York, 1911.) 
as. 6d. net. Wiring Circuits and Diagrams of the follow- 
ing :— 

Alternating Current Generators—General Diagram of an Induction 
Generator—Synchronizers—Diagrams of Switchboard Instruments 
—Diagrams with Transformers—Booster Transformers—Single place 
Motors—Reversing A.C. Motors—Series D.C. Arc Circuits—Switch 
‘Control of Lamps—Emergency Switch System—Storage Battery 
Diagrams—D.C. Motor Starters—Motor Speed Control—Solenoid 
Motor Starters—Three-wire Generators—Switchboard .and Con- 
-mections—A.C. Motors and Starters—Outdoor Lighting. . 
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WIRELESS TELEPHONY. 


Wireless Telephone Construction. By Newton Harrison, 
F.E. A comprehensive explanation of the making of a 
Wireless Telephone Equipment. Transmitting and Receiv- 
ing Stations fully explained, with details of construction 
sufficient to give an intelligent reader a good start in building 
a Wireless Telephone System and in operating it. 43 illus., 
TiO eNO IZ NeW Y orn, 1909.) Ts: 6d. net. 


What is Wireless Telephony ?>—Ether Waves are Silent—-Waves 
considered in various ways—-Finding Length of an Ether Wave— 
Frequency and Radiation—Transmitting and Receiving Stations— 
Supplying the Arc Current from a Battery—Battery Maintenance— 
Arcs—Radiation—Current and Volts required by the Arc producing 
the Waves—High Voltages—Transformer—Cells for High Tension | 
Power—Ruhmer ‘Transmission System—Auto Coherers—Wave 

. Detectors—Coils—Transmitting Apparatus—Testing—Microphones 
es —Aerials—Earth Waves—Receiving Circuit—Detectors—Resonance 
Tube. 


WIRELESS TELEGRAPHY. 


‘Making Wireless Outfits. By Newton Harrison, E.E. 
A concise and simple explanation of the construction and 
use of an inexpensive Wireless Equipment for sending and 
receiving up to 100 miles, giving full details and illustrations. 
Ps. 61 pp... (No. 11. -New. York 1909.) 1s. Od. net. 


Waves, Antenne and Aerials. Whatthe Relay is for—Making the 
Relay and Sounder—Marconi’s Coherer—The Transmitter—Spark 
_Coils—Vibrator—Condenser—Effect of daylight on Electric Waves—. 
Connection of Antenne to Stations—Metal Towers—Ground Con- 
nections—Use of Gas Pipes for Ground—Tuning Circuits—Power 
required for long-distance Wireless Telegraphy—Dimensions of Coils 
for Sparks of different lengths—Telegraphic Codes—Morse Code 
Continental Code—-Earth Connections in the Country—Tables— 
Heights of Antenne with Distances between, Stations—Brass Knobs. 
8/10 inches in diameter—Dimensions for different Spark Lengths. 


Wireless Telegraphy for Intending Operators. By GC. 
K. P. Eden, B.Sc., etc. r6illus., 80 pp. (No. 24, 1913.) 
Es6ds net. 


Detectors—Transmitters—Tuning Apparatus—Wireless Station 
Equipment—Aerials and Earths—Small Power Experimental Appara~ 
tus. 

Plans and Specifications for Wireless Telegraph Sets, 
Part I. By Frederick Collins. Complete and detailed 
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instructions ior making an Experimental Set, also a One to 
Five MileSet. 37illus.,47pp. (No.41. New York, 1912.) 
Is. 6d. net. 


An Experimental Transmitter—The Induction Coil—The Key—To 
Adjust the Transmitter—Experimental Receptors—The Relay—To 
Wire the Receptor—The Microphone Detector—A One to Five Mile 
Transmitter—Binding Posts—The Condenser—the Aerial and Ground 
Wire—A One to Five Mile Coherer Receptor—The Coherer—The 
Standards—The Relay—The Sounder—A One to Five Mile Auto- 
Receptor. 


Plans and Specifications for Wireless Telegraph Sets. 
By A. F. Collins. Complete and detailed data for construct- 
ing aFivetoTen Mile Set; also a Ten to Twenty-five Mile 
Set. 63 illus., 72 pp. (No. £42. New York, 1912.) 1s. 6d. net. 


A five to ten mile tuned Transmitter—The Adjustable Spark 
Gap—a Simple Tuning Coil—The Completed Transmitter—a Five 
to Ten Mile Tuned Coherer Receptor—The Apparatus—The Con- 
.denser—The Completed Receptor—A Five to Ten mile Tuned Auto- 
Detector Receptor—The Wiring Diagram—The Aerial—A Ten to 
Twenty-five Mile tuned Transmitter—Wiring Diagram of Low Voltage 
Circuits—from Ten to Twenty-five Mile Transmitter—A Motor 
Generator Set—A Ten to Twenty-five Mile Tuned Coherer Receptor— 
Choke Coil—The Completed Receptor—A Ten to Twenty-five Mile 
Auto-Detector Receptor—Telephone Receivers. 
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Modern Primary Batteries 


How to Install Electric Belis, Annunciators and 
Alarms 


Electrical Circuits Aid RAs. Part 1; 
Electrical Circuits and Diagrams, Part II. 
Experimenting with Induction Coils 

The Study of Electricity for Beginners 
Dry Batteries, how to make and Usethem . 
Electric Gas Lighting 

Model Steam Engine Design i . 
Inventions, how to Protect, Sell and Buy them 
Making Wireless Outfits 

Wireless Telephone Construction 


Practical Electrics ; a Universal Handy Book on 
Everyday Eiectrical Matters 

How to Build a 20-foot Bi-plane Glider 

The Model Vaudeville Theatre . 

The Fireman’s Guide ; a Handbook on tis Care 
of Boilers : 

A.B.C. of the Steam Teac iie, with a Descrintion 
of the Automatic Governor. 

Simple Soldering, both Hard and Soft 


Ignition Accumulators, their Care and Manage- 
ment 


Key to Linear Perspective 
Elements of Telephony : 
Experimental Study of the Cents 
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